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STRUCTURE OF THE BEREA OIL SAND IN THE FLUSHING 
QUADRANGLE, HARRISON, BELMONT. AND GUERNSEY 
COUNTIES, OHIO. 

By W. T. Griswold. 



IXTROI>UCTION. 

The United States Geological Survey has undertaken detailed 
mapping of the geologic structure of the oil sands in certain parts of 
the Appalachian oil field in eastern Ohio and western Pennsylvania. 
The first report describing work of this kind is contained in Bulletin 
No. 198, which deals with the Cadiz quadrangle in Harrison County, 
Ohio. The second bulletin is No. 318, which describes the conditions 
existing in the Steubenville quadrangle in Ohio and West Virginia 
and in the Burgettstown and Claysville quadrangles in Pennsylvania. 
The present report, which is the third of the series, treats of the 
Flushing quadrangle in Harrison, Belmont, and Guernsey coimtiesj 
Ohio. 

The object of this work is to determine accurately the geologic 
structure of the surface rocks and of the Berea sand (which is the 
principal oil-bearing stratum of this part of the field), and from this 
structure to determine, if possible, where the conditions are favorable 
for the accumulation of oil and gas. The first step in the work is to 
ascertain the structure or lay of the surface rocks. Then it is neces- 
sary' to determine what degree of parallelism exists between the rocks 
that outcrop at the surface and those that lie from 1,000 to 2,000 
feet below the surface, and by means of this parallelism to construct 
a map of the oil sand as if all the geologic formations above it had 
been removed and the upper surface of the sandstone were open to 
view. 

Previous work of this kind has been carried on in areas in which a 
considerable amount of oil and gas territory had been developed prior 
to the survey. In such regions it was possible by means of wells 
already drilled to check the degree of exactness to which the oil 
sands could be plotted, and by a study of the conditions under which 
the oil and gas had accumulated to formulate general laws governing 
such accumulations. 

In the Flushing quadrangle very little oil or gas has been found. 
It was for this reason that the area was selected for a practical test 
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6 BEREA OIL SAND IN FLUSHING QUADRANGLE, OHIO. 

of the principles which had been determined in the previous surveys. 
The Berea sand, which is the principal oil sand of this part of Ohio, 
was known to be present in this quadrangle. The surface conditions 
were also known to be favorable for accurate geologic work. By 
selecting such an area and carefully plotting the structure it was 
hoped that the areas which are most favorable for the accumulation 
of oil and gas could be determined, and that thus the economic devel- 
opment of the field would be assisted. The result of the work shows 
a regularity in the structure which is not favorable for large oil accu- 
mulations. There are, however, minor structural features which 
doubtless have exercised an influence on the location of deposits of 
oil and gas, and which may be regarded as indicating favorable ter- 
ritory. 

The field work in the Flushing quadrangle was performed during 
the field season of 1906 by B. J. Green and F. M. Hutchinson under 
the supervision of the writer. 

JX)CATION, .DRAINAGE, AND CUIiTURE. 

The Flushing quadrangle is situated in eastern Ohio and includes 
parts of Harrison, Belmont, and Guernsey coimties. It is limited by 
meridians 81° and 81° 15' and by parallels 40° and 40° 15'. The 
area of the quadrangle is about 227 square miles. It contains no 
large towns, but there are a number of small places, such as Flushing, 
Piedmont, Morristown, Belmont, and Bethesda, within it. The city 
of Bamesville is a little over 1 mile south of the quadrangle, near the 
southwest comer. 

The entire surface of the quadrangle is deeply dissected. The 
divide separating the waters of Muskingum River from those flowing 
directly into Ohio River enters the quadrangle in the northeast comer, 
and extends southward through the eastern third of the quadrangle, 
passing through the towns of Flushing, Morristown, and Bethesda. 
East of this divide the topographic features differ materially from 
those on the west. The streams flowing to the east have a gradual 
slope at a nearly uniform rate to the eastern edge of the quadrangle; 
the streams flowing to the west have cut deep canyons nearly to their 
heads, thus descending to the general valley levels within a very short 
distance from their sources. Once at those levels they flow westward 
with very little fall. Between the streams are oval-shaped hills with 
steep sides. Throughout most of the area the rocks underlying the 
region are exposed through a vertical section from 300 to 400 feet 
thick. The surface is in a high state of cultivation and is traversed 
by roads in all directions. 

The Cleveland, Lorain and Wheeling Railway (of the Baltimore 
and Ohio system) crosses the area from the center of the eastern 
margin to the northwest comer, and the main Baltimore and Ohio 
Railroad* line passes through the southeast comer. 
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BEREA OIL SAKD IN FLUSHING QHADRANGLE, OHIO. 7 

GEOI.OGY. 

ROCKS SHOWING AT THE SURFACE. 

The rocks which outcrop at the surface of the Flushing quadrangle 
are included in the Washington, Monongahela, and Conemaugh forma- 
tions of the Carboniferous system. From the highest to the lowest 
strata exposed the vertical distance is 740 feet. The base of the Pitts- 
burg coal is accepted as a datum plane from which to commence 
descriptions and measure intervals. This well-known coal bed is 
constant over an area covering many square miles and therefore 
makes a desirable plane from which to reckon. The other members 
of the formations will be considered from this base, first the overlying 
and then the underlying beds, the peculiarities of each member being 
described and the areal distribution of its outcrop given. 

MONONGAHELA FORMATION. 

The 'Monongahela formation includes the rocks from the base of 
the Pittsburg coal to the top of the Waynesburg coal. The principal 
strata are the Pittsburg, Meigs Creek, Uniontown, and Wajmesburg 
coal beds. 

Pittsburg coal, — In this region the Pittsburg coal ranges in thickness 
from 40 to 62 inches, with an average of about 50 inches in the Flush- 
ing quadrangle. The bed is usually divided into three or four benches 
by small partings of half an inch or less in thickness. One parting is 
from 14 to 21 inches above the bottom and another about 4 inches 
higher. The coal is of good quaUty and generally mined both at local 
banks and commercial mines. This coal bed is present in most of the 
quadrangle. In Nottingham Township, Harrison Coimty, it extends 
westward along the ridge to Prospect Hill. In Moorefield Township 
the last outcrop to the west is close to the village of Moorefield. In 
Flushing Township the most westerly outcrops are f oimd on the ridge 
between Boggs Fork and Stillwater Creek half a mile west of 
Compher, and to the west of Stillwater Creek in the hills south and 
east of Oakgrove. Northwest of these last-named outcrops the coal 
dips to the southeast. It outcrops along the hillsides above Stillwater 
Creek to a point within a mile of Badgertown. On Boggs Fork and 
Trail Run the coal remains above water level to a point within a mile 
of the town of Flushing. East of the main dividing ridge this coal 
does not come to the surface except for about 2 miles on Crabapple 
Creek in Wheeling Township, Belmont Coimty. At Laferty, on 
Wheeling Creek, the coal is about 80 feet below the surface. 

Rocks between Pittsburg coal and Meigs Creek coal. — The lower por- 
tion of the interval between the Pittsburg coal and the Meigs Creek 
coal differs greatly in different localities. Normally, the Pittsburg 
coal is overlain by a few feet of shale extending to a hard blue 
limestone usually about 1 foot in thickness. Above the limestone is 
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shale to the Pittsburg Rider coal, which is a small bed from 8 inches 
to 1 foot in thickness and from 24 to 30 feet above the base of the 
Pittsburg bed; it is, however, absent over the greater portion of the 
Flushing quadrangle. Above the Rider coal a second limestone stra^ 
tum about 1 foot thick is found in many places. Above this is shale 
for 25 feet or more to a bed of smooth, light cream-colored limestone, 
from 1 to 2 feet thick, which is especially prominent in the southwest 
comer of Union, the northwest comer of Goshen, and the eastern 
side of Warren townships in Belmont County. From this limestone 
up to the Meigs Creek coal is sandy shale, in places merging into 
flaggy sandstone. 

In a large part of the Flushing quadrangle the lower part of this 
interval, from the Pittsburg coal to the top of the limestone overlying 
the Rider coal, is represented by a massive buff sandstone of mediiun 
coarseness known as the Pittsburg sandstone. This bed generally 
commences on top of the coal and in some localities has replaced 
part of the coal bed. The sandstone is present in the western part 
of Cadiz Township, through Nottingham Township, and in the eastern 
part of Moorefield Township, in Harrison County; in the western 
part of Flushing Township, in Kirkwood Township to the west of 
Hendrysburg, and through the western part of Warren Township, in 
Belmont County. 

Meigs Creek coal. — The Meigs Creek coal is equivalent to the 
Sewickley coal bed of Pennsylvania. Throughout a large part of the 
Flushing quadrangle this coal is of commercial importance, main- 
taining a thickness of about 4 feet. As a rule the coal is overlain by 
clay which is flinty in places and ranges in thickness from 8 inches 
to 2 feet. The clay is locally overlain by a small coal from 6 to 8 
inches thick. The Meigs Creek coal maintains a commercial thick- 
ness through Athens Township, Harrison County; and in the eastern 
part of Flushing, the whole of Union, Goshen, Warren, and the south- 
ern part of Kirkwood townships, Belmont County. 

The interval between the base of the Pittsburg coal and the top of 
the Meigs Creek coal was measured in 55 different places in the quad- 
rangle, with the results shown in the following table: 

Distance between base of Pittsburg coal and top of Meigs Creek coal. 



Township. 



Harrison County: 

Cadiz 

Athens 

Belmont County: 

East part of Flushing and Wheeling 

Union 

Goshen 

West part of Flushing 

North half of Kirkwood 

South half of Kirkwood 

Warren 



; Number of 


Minimum 


Maximum 


1 measure- , 
ments. 


interval. 


interval. 


1 


Feet. 


Feet. 




86 


100 




8C 


106 




85 


96 


1 8 1 


85 


101 


1 1 


95 


95 


1 4 


99 


101 


1 8 ' 


95 


102 


' 8 


94 


113 


1 "l 


101 


109 



Average 
Interval. 



Feet. 
94 
96 

91 
94 
95 
100 
101 
103 
105 
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Rocks between Meigs CreeJc coal and Uniontovm coal, — The interval 
between the Meigs Creek and Uniontown coals is occupied by cal- 
careous shale. In places the lower portion contains thin beds of a 
slabby white limestone which is the equivalent of that portion of 
the Benwood limestone known as the Dinsmore. Near the center 
of the interval is often foimd a bed of hard limestone about 1 foot 
thick. This bed is not constant enough, however, to make a good 
reference stratiun. The rocks in the upper portion of the interval 
consist of shale, with here and there a bed of limestone a short dis- 
tance below the Uniontown coal. In the vicinity and to the east of 
the town of Flushing the separate limestone beds are better developed 
than in other parts of the quadrangle. 

Uniontown coal. — This coal, which is known as No. 11 of the 
Ohio series, has a thickness of 8 to 30 inches. It is best developed 
on Bend Fork south of Bethesda, where it has been mined in a small 
way. It is here 30 inches thick, with a 2-inch parting of shale 10 
inches from the bottom and 1 inch of clay 24 inches from the bot- 
tom. The Uniontown coal appears in the high hills in the north 
part of Athens Township and thence south along the main dividing 
ridge. On the ridge south of Trail Run it extends westward to 
Rock Hill. It is generally present in Union, Goshen, Warren, and 
southern Klirkwood townships in Belmont County. 

The distance from the Meigs Creek coal to the Uniontown coal 
was measured in 19 different places in the quadrangle, with results 
as shown in the following table: 

Distance from top of Uniontown coal to top of Meigs Creek, coal and to base of 

Pittsburg coal. 



Township. 



Harrison County 

Cadi« 

Atbenii 

Betmont County: 

Flushing 

Union 

Qoshen 

Kirkwood... 
Warren 



Number of 


Mei 


gs Creelc coal. 


Pitts- 
burg 






measure- 
ments. 


Minimum 
interval. 


Maximum 
Interval. 


Average 
interval. 


coal- 
average 
Interval. 


I 
3 


Feet. 

82 
80 


Feet. 
82 
100 


Feet. 
82 
92 


Feet. 
176 
188 


4 

4 

1 
3 
3 


89 

98 
96 
90 
91 


99 

108 
96 
105 
105 


95 

103 
96 
97 

98 


f al86 
\ 6 196 
197 
196 
199 
203 



a East part. 



b West part. 



Rocks between Uniontown coal and Waynesburg coal, — The section 
between the Uniontown coal and the Waynesburg coal is composed 
mostly of shale, which is sandy in the upper portion. Below the 
Waynesbui^ coal in many places is a limestone, above which is fire 
clay extending to the bottom of the coal. 

Waynesburg coal. — ^The Waynesburg coal ranges from 20 to 40 
inches in thickness and is best developed in the southeast comer of 
3762^Bull. 346-^ 2 ,,g,^^, .^ GoOglc 



10 BEREA OIL HAND IN FLUSHING QUADRANGLE, OHIO. 

Union Township and in Goshen Township. This coal is mined in a 
small way northwest and south of Belmont, where it has a thickness 
of about 40 inches, with a half-inch parting of shale 19 inches from the 
bottom. 

The distance from the Union town coal to the Waynesburg coal was 
measured in 27 different places in the quadrangle, as shown in the 
following table: 

Distance from top of Waynesburg coal to top of Vniontown coal and to base of 

Pittsburg coal. 



Unlontown coal. 



Township. 



Number of 

measure- I 

ments. I 



Minimum 
interval. 



Harrison County: 

Athens 

Flushing I 

Belmont County: 

Union 1 

Qoshen i 

Kirkwood 

Warren ' 

I 

a East part. b West part. 



Maximum 
interval. 



Feet. i 

35 I 

38 ' 

36 I 

37 I 

;j8 I. 

47 , 



Feel. 



Average 
interval. 



40 I 
51 



Feet. 
37 



{<=) 



Pitts- 
burg 
coal- 
average 
interval. 



Feet. 
225 
0229 
»238 

246 
242 
245 
262 



c Goshen average used. 



WASHINGTON FORMATION. 

The Washington formation includes the rocks from the top of the 
Waynesburg coal to the top of the Upper Washington limestone. The 
well-marked strata which occupy this interval in Pennsylvania are 
not sufficiently developed in the Flushing quadrangle to be easily rec- 
ognized. The only members positively identified are the Washington 
coal and the Upper Washington limestone. 

Rocks between Waynesburg coal and Washington coal, — Overlying 
the Waynesburg coal is from 1 to 6 feet of shale, above which is the 
Waynesburg sandstone. This sandstone, which is of a light-brown 
color, occurs in layers from 6 inches to 2 feet thick, the combined lay- 
ers having a total thickness of 15 to 20 feet. Above this is a sandy 
shale which extends to a bed of easily disintegrated limestone, with 6 
to 8 inches of dark-colored fire clay above. The average distance of 
this clay above the Waynesburg coal is about 52 feet. It probably 
represents the horizon of the Waynesburg B coal of Pennsylvania. 
From the clay to the Washington coal is shale, with no distinctive 
features. 

Washington coal. — The Washington coal is present in the southeast 
comer of the quadrangle, with a thicknesg of 1^ to 2 feet of solid coal 
underlain by 6 feet of very black shale. The northernmost outcrop 
in the quadrangle is in the hill at the crossroads 1 J miles northeast of 
Morristown. From this place it is found in the higher hills to the 
southeast and along the main dividing ridge as far west as Speidel. 
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The distance between the Waynesbui^ and Washington coals was 
measured in seven different places in the quadrangle, with the results 
shown in the following table: 

Distance from Washington coal to top of Waynesburg coal and to base of Pittsburg coal. 





Niunber of 
measure- 
ments. 


Waynesburg coal. 


Pitts- 
burg 
coal- 
average 
Interval. 


Township. 


interval. 


Maximum 
interval. 


Avera^ 
interval. 


Belmont County: 

Union 


2 
5 


Feet. 
90 
89 


Feet, 
101 
98 


Feel. 
100 
92 


Feet. 
346 


Qoshen 


334 







Rocks between Washington coal and Upper Washington limestone, — 
The rocks lying between the Washington coal and the Upper Washing- 
ton limestone are present in the Flushing quadrangle only in the high 
ridges to the south of the Baltimore and Ohio Railroad. They consist 
mostly of shale, with one or two limestone beds which could not be 
identified owing to their poor development and their small area of 
outcrop. 

Upper Washington limestone, — The Upper Washington limestone 
occurs in the tops of the high ridge in the southeast comer of the quad- 
rangle. It is a double bed, each section of which is about 1 foot thick. 
Two measurements of the distance of this bed above the Washington 
coal were obtained, both of which show the interval to be 160 feet. 
This makes the Upper Washington limestone 494 feet above the base 
of the Pittsburg coal. This limestone is the highest reference stratum 
in the quadrangle. 

CONEMAUGH FORMATION. 

The Conemaugh formation lies below the Pittsburg coal, extending 
from the base of that bed to the top of the Upper Freeport coal. It 
contains the Pittsburg, Ames, and Cambridge limestones, all of which 
are easily identified and can be used as reference strata. Besides 
these are some local coal and limestone beds, which are available as 
guides to the geology over small areas. In describing the members of 
the Conemaugh formation the order of considering the members is 
reversed, the highest or those nearest the Pittsburg coal being con- 
sidered first. The distances are computed from the same datum plane 
(the base of the Pittsburg coal), being, however, down instead of up. 

Pittsburg limestone, — The Pittsburg limestone ranges from 1 to 4 feet 
in thickness. Where the greater thickness is present it is divided into 
two beds. Its position ranges from a few inches to 25 feet below the 
base of the Pittsburg coal. Normally there is a foot of fire clay under 
the coal, with the limestone next below. In many places, however, 
the limestone is next to the coal and the fire clay below the limestone. 
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Where the interval between the coal and limestone is 20 feet or more, 
it is occupied by fire clay and shale. . 

The distance from the base of the Pittsburg coal to the top of the 
Pittsburg limestone was measured in 12 different places in the quad- 
rangle, with the results shown in the following table : 

Distance from top of Pittsburg limestone to base of Pittsburg coal. 



Township. 



Harrison County: 
Cadiz 

Betniont County: 

Flushing 

Klrkwood 

Moorefleld 



^T!S?i2l Minimum 



Feet. 



Maximum 
interval. 



Average 
interval. 



Feet. 



Feet. 



16 

14 
1 



RocTcs between Pittsburg limestone and Ames limestone. — The rocks 
between the Pittsburg limestone and the Ames limestone consist 
mostly of sandy shale and sandstone. In the vicinity of Cassville, 
in the western part of Cadiz Township, Harrison County, is a bed 
of hard limestone with a rough surface, showing on fracture a con- 
glomerate of small particles of limestone, ranging in color from light 
buff through brown to red. This rock carries a small percentage of 
iron, which gives a red color to the mud formed when the rock is 
disintegrated. By two measurements in Cadiz Township this rock 
was found to be 79 and 96 feet below the Pittsburg coal; two in 
Nottingham Townsliip gave 72 and 74 feet below the coal; and two 
in the western part of Flushing Township gave 44 and 58 feet below 
the coal. The average of all measurements is 70 feet, but the result 
is not satisfactory, owing to the great variation of the measurements 
in the different sections. 

In Cadiz and Athens townships a coal or black shale 1 foot thick 
occurs in the interval of 145 feet below the Pittsburg coal. In 
Moorefleld and western Flushing townships this interval is only 115 
feet, as determined by the average of five measurements. 

In the lower part of the interval between the Pittsburg limestone 
and the Ames limestone is a massive sandstone from 15 to 30 feet 
thick. Its base is usually from 10 to 12 feet above the Ames lime- 
stone, but in many places the sandstone lies directly above the lime- 
stone or has entirely replaced it. 

Ames limestone. — The Ames limestone is a bed of hard, green 
limestone from 1 to 3 feet thick. It contains many fossil crinoid 
stems and brachiopods, these fossils being most plentiful in the 
upper portion of the bed. The distance from the base of the 
Pittsburg coal to the Ames limestone was measured in 13 different 
places in Flushing, Moorefield, and Kirkwood townships. Eleven 
of these measurements show an interval ranging from 161 to 176 
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feet, with an average of 171 feet. Two other measurements show 
distances of 185 and 147 feet. The average of all measm-ements is 
168 feet. 

Rocks between Ames limestone and Cambridge limestone, — The rocks 
between the Ames limestone and the Cambridge limestone are fully 
exposed only in the northwest corner of the quadrangle. In order 
to measure the distance between these two beds of limestone, levels 
were run a mile or so west of the quadrangle, where outcrops of both 
beds were crossed. The result of these measurements shows a 
distance of 74 feet between the two limestones, with a coal 18 feet 
above the Cambridge. This coal i^ from a few inches to 2 feet in 
thickness, and it has been mined in a small way in the northwest 
quarter of the quadrangle. 

Cambridge limestone, — The Cambridge is a dark-gray -limestone, 
weathering to a light yellow. It contains many fossil brachiopods 
and a few crinoid stems. The distances from the Cambridge coal 
and the Cambridge limestone to the Pittsbiu^ coal are accepted as 
227 and 245 feet, respectively. 

Mahoning sandstone, — The top of the Mahoning sandstone, a 
coarse, buff, massive rock, appears in the northwest comer of the 
quadrangle. It attains a thickness of about 40 feet just west of the 
quadrangle boundary. Directly under the Mahoning sandstone is 
the Upper Freeport coal, which is not exposed in this quadrangle, 
but is worked along Stillwater Valley just beyond the west side. 

ROCKS WHOLLY BELOW THE SURFACE. 

The subsurface rocks to be considered are those extending down 
to and including the Berea sandstone. Knowledge of these rocks 
is obtained only from the logs of wells. Only a few detailed records 
were obtained from the wells in the Flushing quadrangle, and these 
few do not agree with each other closely enough to furnish a descrip- 
tion of the rocks. The following are some of the best records ob- 
tained: 

Log of wellf^ {No. IS) on the Margaret Durdapfami, in Moorefield Township y Harrison 

County. 



I 



Distance 
Thietaess. ^^.^j 
well. 



Shale, red 

Shale, grav 

Coal, small bed 

Shale 

Sand (filled with water) . . . 

Shale, soft, dark 

Sand, Big Injun 

ffliale 

Sand, hard, Berea (water) . 



Feet. 



Distance 
below 
base of 

Pittsburg 
coal. 



a Mouth of well. 943 feet above sea. Base of Pittsburg coal at well, 1^083 



f. Feet. 


Feet. 


61 


140 


119 61 


201 


2 ISO 


320 


395 205 


345 


60 600 


740 


140 660 


800 


235 800 


940 


357 1,035 


1,175 


24 1,392 


1..532 


, 1,083 feet abov< 


i©ele 
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Log of wella (No. 42) on the Abner Lodge farm in Union Township y Bdmont County. 





Thickness. 


Distance 

below 

mouth of 

weU. 


Distance 
below base 

of Pitts- 
burg coal. 


Coal, Meigs Creek 


Feet. 

4 

87 

5 

5 

113 

45 

375 

6 

66 

10 

104 

50 

50 

60 

25 

20 

10 

225 

59 

240 

35 

35 


Feet. 

25 

2P 

117 

112 

127 

240 

285 

660 

666 

726 

736 

840 

890 

940 

1,010 

1,035 

1,055 

1,065 

1,290 

1.349 

1,580 

1,624 

1.635 


Feet. 
697 


Limestone 


b03 


Coal, Pi ttsburs 


66 


Shalft , 





Limestone 


5 


Sand 


118 


Shale 


163 


Coal, Upper Freeport 


538 


Rhftip , . _ , , . 


444 


Coal 


604 


Shale 


614 


Sand 


718 


Shale 


768 


Sand, Salt sand 


818 


flhalfl _ 


888 


Sand and broken shells 


913 


Shale, black 


933 


Sand, Big Injun 


943 


ShfLlA 


1,168 


Limestone 


1,227 


Shale 


1.467 


Shale, brown 


1,502 


Sand, Berea 


1,513 







a Mouth of well, 1,106 feet above sea. Base of Pittsburg coal at well, 984 feet abo\^ sea. 
6 Above base of Pittsburg coal. 

Log of welln (No. 53) on the Albert Romans farm in Londonderry Township, (hiemsey 

County. 



Limestone, Ames 

Coal 

Sand, white 

Coal 

Sand, white 

Coal 

Sand (wlch salt water) 

Coal 

Sand, gray 

Sand, Hurry-up 

Sand (show of oil; water at 720 feet) 

Sand 

Shale 

Sand, gray (show of oil) 

Shale, black 

Sand, Big Injun 

Sand, Berea 





Distance 


Distance 




below 


below base 


1 mcicness- 


mouth of 


of Pitts- 




well. 


burg coal. 


Feet. 


Feel. 


Feet. 


3 


23 


171 


6 


226 


374 


6 


320 


468 


4 


332 


480 


35 


336 


484 


3 


446 


594 


12 


458 


606 


5 


485 


633 


20 


490 


638 


40 


545 


607 


66 


654 


802 


20 


840 


988 


37 


860 


.1,008 


20 


897 


1,045 


39 


917 


1,065 


89 


956 


1,104 


37 


1,407 


1,555 



o Mouth of well, 1.164 feet above sea. Base of Pittsburg coal at well, 1,312 feet above sea. 
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Log ofwdl*^ (No, 67) on the P. E. Calhoun farm in Londonderry Township, Guernsey 

County. 



Thickness. 



Sand 

Shale, red 

Shale, white 

Shale, red 

Limestone, blue. 
Coal. 



limestone, white. 

Shale, red 

Limestone 

Shale, black 

Limestone, white. 
Coal. 



Shale, white 

Sand 

Shale, black 

Shale, white 

Limestone, white 

Sand, white 

Shale, black 

Limestone, black 

Sand, whit« 

Shale, black 

Limestone 

Shale, black 

Sand, white 

Shale, black 

Limestone 

Sand, white. Keener. 

Shale 

Sand. Big lujun 

Shale 

Limestone 

Shale 

Sand and shale 

aiale. black 

Sand. Berea 



Feet. 
15 
10 
15 
5 
41 
2 
27 
20 
30 
50 
25 
3 

25 
10 
12 
15 
30 
25 
15 
15 
20 
10 
50 
15 
45 
47 
53 
90 
30 

200 
40 
65 

110 
37 
33 
19 



Distance 
below 

mouth of 
well. 



Feet. 



I 



10, 

25 1 

351 

50 

551 

96 i 

98 ' 

125 

145 

175 

225 

250 

253 

278 

288 

300 

315 

345 

370 

385 

400 

420 

430 

480 

495 

540 

5S7 

640 

750 

760 

960 

1,000 

1,065 

1,240 

1,277 

1,310 



Distance 
below base 
of Pitts- 
burg coal. 

Feet. 
214 
229 
239 
254 
250 
300 
302 
329 
349 
379 
429 
454 
457 
482 
492 
504 
510 
549 
574 
5« 
604 
624 
634 
684 
099 
744 
791 
844 
934 
964 
1,164 
1,204 
1,269 
1,444 
1,481 
1,514 



a Mouth of well, 1,025 feet above sea. Base of Pittsburg coal at well, 1,229 feet above sea. 
Log of wello^ {Xo. 98) on the F. M. Taggert farm in Union Township ^ Belmont County. 



, Thickness. 



Shale 

Coal, Meigs Creek 

Limestone and shale 

Coal, Pittsburg 

Limestone and red shale 

Shale, white and black 

Shale, brown 

Sand, gTBy, First Cow Run 

Shale 

Sand, Second Cow Run 

Shale, black 

Sand 

Limestone and shale 

Sand, Keener (show of oil and gas) . 

Shale, white 

Sand, Big Injun 

Shale 

Limestone and shale 

' Sand, Berea (salt water) 



Feet. 



5 

90 
4 

430 
60 
40 
55 

112 

107 
12 
40 
61 
40 
5 

237 
60 

272 
28 



Distance 

below 

mouth of 

well. 

Feet. 

21 

110 

115 

205 

209 

639 

699 

739 

794 

906 

1,013 

1,025 

1,065 

1,126 

1,166 

1,171 

1,406 

1,468 

1,740 



Distance 
below base 

of Plttv 
burg coal. 

Feet. 

bl88 

6 99 

b94 

l»4 



430 

490 

530 

585 

697 

804 

816 

856 

917 

957 

962 

1.199 

1,259 

1,531 



a Mouth of well, 1,193 feet above sea. Base of Pittsbui^ coal at well, 984 feet above 
* Above base of Pittsburg coal. 
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RESUIiTS OF THE WORK. 
OBJECT. 

The object of the work in the Fhishing quadrangle was to produce 
a map of the Berea oil sand with as great a degree of accuracy as was 
possible from the geologic conditions, and with suflScient detail to 
make it of value to the practical oil man in the location and develop- 
ment of oil and gas territory. 

In work of this character there are two conditions which govern 
the accuracy of the final result. These are (1) the degree of paral- 
leUsm that exists between the outcropping strata and the oil sand, 
and (2) the regularity of the variation in the distance between these 
beds. • 

SUBSURFACE MAPPING. 
GENERAL STATEMENT. 

The mapping of a subsurface stratum consists of three distinct steps: 

First, it is necessary to find the elevations of the outcrops of differ- 
ent known strata; then, having determined the average distance and 
the variations in this distance between these strata, by combining 
these data to prepare a contour map showing the geologic structure 
of some prominent stratum called a key rock. 

Second, by means of the measured depth to the oil sand from the 
mouths of test wells already drilled, to determine byleveUng to these 
wells the distances in different parts of the area between the key rock 
and the oil sand it is proposed to map. 

Third, by means of a mechanical drawing called a convergence 
sheet to correct for the variations in distances between the key 
stratum and the oil sand in different parts of the area, and then to 
project the elevations obtained upon the key horizon, thereby deter- 
mining the correct elevation of the oil sand. 

BASE MAP. 

The first requisite in this work is a good topographic base map 
upon which to indicate the horizontal locations of the outcrops of 
different strata. The base map of the Flushing quadrangle is the 
topographic atlas sheet surveyed in 1903 by the United States Geo- 
logical Survey. On this map were located in horizontal position 
the outcrops of the different strata. The elevation of the outcrops 
at each of these points was obtained by a spirit level which was run 
from permanent bench marks establishatl by the topographic engi-. 
neers. For this work the level lines were carried over all roads, up a 
great many streams, and along a number of ridges. In this way the 
elevations of the outcrops all over the quadrangle were obtained. 
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MEASUREMENT OF INTERVALS. 

The intervals between the different surface strata were obtained by 
comparing the elevation of outcrops of different strata where they are 
near together and where the elevation of the outcrop of one stratum 
could be compared with the elevation of two outcrops of another 
stratum on different sides of the first. In this way a great many 
comparisons were made, and the average distance between the beds in 
the different townships was obtained. The results of this work have 
been given under the heading "Geology." In considering these 
results with a view to determining what degree of accuracy can reason- 
ably be expected in the structure map of the key horizon, it is found 
that out of 51 measurements of the distance between the Meigs Creek 
coal and the Pittsburg coal, wjien averaged by townships, the mini- 
mum and maximum in each township are within 10 feet of the aver- 
age, and that the range is usually nearly 20 feet when a number of 
measurements are taken. The same condition holds for the dis- 
tances between the prominent beds above the Meigs Creek coal. The 
Pittsburg Umestone, whose distance below the Pittsburg coal is from a 
few inches to 29 feet, has the same range of variation as the strata at 
distances of 200 or 300 feet from the Pittsburg coal. This indicates 
that there is a local divergence from paralleUsm between the different 
strata of about 20 feet, that the average distance between strata over 
small areas will give results that are probably correct within 10 feet, 
and closer accuracy than this is not to be looked for. 

The distance of 171 feet between the Pittsburg coal and the Ames 
limestone in the northwest quarter of the Flushing quadrangle is 
believed to be very nearly correct. This probably diminishes from 
the south and east toward the northwest. The measurements of this 
interval made in the central and western parts of the Cadiz quad- 
rangle ranged from 205 to 230 feet. The determination of the dis- 
tance from the Umestone bed lying between the Pittsburg Umestone 
and the Ames limestone to the Pittsburg coal is poor. All measure- 
ments show this interval to vary abruptly from east to west. The 
position of the Cambridge limestone and the coal above it with refer- 
ence to the Ames Umestone was determined at only a few places, but 
the measurements so obtained are believed to be good. 

SURFACE STRUCTURE MAP. 

As the Pittsburg coal is the most prominent outcropping stratum 
in the quadrangle, its base is accepted as the key horizon by which 
the structure of the surface rocks is represented. The elevation of 
the outcrops of this horizon were determined wherever possible 
directly with a spirit level. To the determined elevation of every 
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other outcropping horizon was added or subtracted the average dis- 
tance of that particular horizon below or above the base of the Pitts- 
burg coal in that township. This resulted in establishing the eleva- 
tion of the Pittsburg coal at nearly 000 locations. The points of 
equal elevation were connected by lines, thus forming a contour map 
of the bottom surface of the Pittsburg coal (PI. I). Data for making 
the surface structural map are plentiful in all parts of the Flushing 
quadrangle, except in a portion of Moorefield and Freeport town- 
ships, Harrison County. In the area to the north and west of the 
village of Piedmont the Ames limstone seems to be absent. It is 
probable that the sandstone whose base is normally from 10 to 12 
feet above the Ames limestone has descended and cut out the lime- 
stone. The absence of this important stratum leaves the limestone 
between the Pittsburg limestone and the Ames limestone and a few 
outcrops of what is believed to be the Cambridge coal as the only 
beds from which to deterfnine the structure. TJie scarcity of infor- 
mation has made it impossible to draw contours with any degree of 
accuracy in this area. 

STRUCTURAL FEATURES. 

The structural features represented on PI. I are not pronoimced 
but rather monotonous. The dip of the rocks is to the southeast 
with but little irregularity. The most prominent feature is the 
structural dome at Smyrna. Here the Pittsburg coal if it had not 
been eroded would lie at an elevation of about 1,300 feet, or 60 feet 
above the surface. Due east from this dome is a steep dip of about 
160 feet. This is the steepest dip found for any considerable dis- 
tance in the quadrangle. From the Smyrna dome an anticlinal 
ridge extends to the southeast, falling away at a steep angle into a 
synclinal trough on the south. A second dome of lesser magnitude 
exists just north of the town of Fairview. 

A structural feat\u*e that is important, though not prominent, is 
the anticlinal ridge which commences in the northwest comer of the 
quadrangle, swings a little to the south and thence trends northeast, 
leaving the quadrangle a little east of the center of the northern 
boundary. The western portion of this ridge shows a drop of about 
60 feet to the northeast into a basin on the north edge of the quad- 
rangle. The geologic evidence regarding the depth of this basin is 
not of the best, as nothing but outcrops of what is believed to be the 
Cambridge coal were found within the area. This coal is known to 
dip as represented by the contours. This ilip, however, may not 
coincide with the dip of the adjacent rocks. The northern dip from 
the anticlinal ridge farther to the east is more positively established 
by elevations on the Ames limestone and the Pittsburg coal, some 
of which are north af the quadrangle. The dip is slight, however, 
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being in all not over 20 feet. In Athens Township, Harrison County, 
a secondary fold exists to the south of the main anticlinal ridge. 
The northward dip from this fold is very slight, being in places less 
than one contoxu* interval. 

The remaining noticeable feature of the quadrangle is a slight 
dome 2 miles northeast of Flushing, whose northwesterly dip is over 
20 feet. The existence of this feature is established by elevation 
on both the Meigs Creek and the Uniontown coal. 

•CONVERGENCE SHEET. 

With the surface structure defined by the elevations of the Pitts- 
burg coal as shown on PL I, the next step was to determine the amount 
to be subtracted from each elevation to make it equivalent to an 
elevation on the top of the Berea sand. This information was gained 
from wells already drilled within the area. The quadrangle was care- 
fully searched for any existing wells or previously drilled dry holes 
and it is beUeved that all the test wells drilled prior to the date of the 
survey are represented on the map of the Berea sand. The elevation 
of the mouth of each well was obtained by spirit level. With this 
information the p)osition of the key horizon with reference to the 
mouth of the well is obtained from PL I, and by a slight calcula- 
tion the distance from the key horizon to the oil sand is obtained 
from the record of the well. The records of 28 wells on or adjacent 
to the quadrangle were obtained. From these records was built up 
the convergence sheet, which is constructed by connecting the posi- 
tions of the different test wells by straight lines and then dividing 
these lines so that each subdivision represents the horizontal dis- 
tance in which the vertical interval between the Pittsburg coal and 
the Berea sand decreases or increases 10 feet. The distance from the 
base of the Pittsburg coal to the top of the Berea sand was foimd to 
range from 1,464 feet to 1,613 feet, the lesser interval being along the 
north edge and the greater near the southwest comer of the quadrangle 
The interval does not increase regularly, however, but ranges from 
1,464 to about 1,540 feet in the north third of the quadrangle, decreases 
to a little over 1,500 feet in the central part, and then increases at a 
uniform rate to the maximum distance at the south edge. A large 
area in the center of the quadrangle is devoid of any drilled well from 
which arecord could be obtained. The assumption of an even increase 
or decrease over distances as great as those between some of the wells 
from which the convergence sheet of the Flushing quadrangle is made 
up is undesirable, but could not be avoided. 

MAP OF THE BEREA OIL SAND. 

With the previously described work performed, the construction of 
the map of the oil sand is very simple. The convergence sheet shows 
the amoimt to be subtracted from each elevation of the key horizon. 
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This amount in the Flushing quadrangle was in all cases greater than 
the elevation of the key horizon, showing the oil sand to be every- 
where below sea level. To avoid the use of the minus sign in number- 
ing the contours of the oil sand, 2,000 feet were added to each elevation 
of the key horizon. This is equivalent to assuming a datum plane 
2,000 feet below sea level for the map of the oil sand. After subtract- 
ing the amount shown in the convergence sheet from each elevation 
of the key horizon, the points of equal elevation were connected by 
lines. The result is a contour map of the Berea oil sand as shown in 
PI. II, on which the upper surface of the limestone cap of the Berea 
sandstone is represented by contours printed in red. The elevations 
of these contours are shown by numbers figured from a datum plane 
2,000 feet below sea level. All wells known to have been drilled prior 
to the date of siu^ey are also shown in red with accepted symbols for 
dry holes, gas wells, and oil wells. Wells known to have been drilled 
only to some of the ujpper sands are marked with a cross to the left of 
the well symbol. 

FACTORS GOVERNING THE ACCUMULATION OF OIL AND GAS. 

Previous work of this kind has demonstrated that there are three 
primary factors which govern the accumulation of oil in the rocks. 
These are (1) the condition of the rocks as to porosity, (2) the area of 
complete saturation by water of the oil-bearing stratum, and (3) the 
geologic structure of the rocks. 

POROSITY. 

The condition of many of the sands changes within short distances 
from loose and porous sands to closely cemented hard rocks entirely 
impervious to oil and water in large quantities. Some sandstone 
beds are of the same texture over large areas, both as to the size of 
the solid particles forming them and as to the matrix which com- 
bines the separate grains. In others, although the size of the sepa- 
rate grains remains relatively the same, the cementing material 
changes from place to place and in this way the relative porosity of 
the rock is changed. Some sandstone beds contain lenses of con- 
glomerate in which the separate particles are of considerable size, 
loosely held together, thus forming a condition of great porosity. A 
knowledge of the general characteristics of a particular sandstone 
bed is gained only by test wells. In the Appalachian oil field the 
peculiarities of the principal oil-bearing sands are pretty well known. 

SATURATION. 

The condition of saturation with water is not the same in different 
sands. Experience has shown that the older or lower beds in the 
Appalachian field contain a smaller area of completely saturated rock 
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than the upper or younger sands. The lowest sands seem to be 
abnost entirely dry, only the very lowest points in the center of a 
structural basin showing any considerable quantity of salt water. 
Above these lower rocks each succeeding stratum of sandstone has a 
larger area in which it is saturated with water. In regions where the 
sand rock is not entirely saturated there may be separate areas of 
saturated rock in each structural basin, the upper limits of which are 
at the same elevation in any one basin but at different elevations in 
different structural basins. 

STRUCTURE. 

The effect of geologic structure on the accumulation of oil depends 
on the condition of saturation of the oil-bearing stratum. 

If small quantities of oil and gas are in a dry, porous rock at different 
points the oil will move down as long aq the slope is sufficient to over- 
come friction and capillary attraction. The gas will diffuse with the 
air or water vapor contained in the pores of the rock. 

Oil and gas in a porous rock that is completely saturated with 
water will first be forced up to the top of the porous stratum by the 
difference in the specific gravity of the oil and the water. The oil 
and gas will accumulate in the upper part of the rock if the porous 
stratum is level, but if it dips sufficiently to overcome friction the 
particles of oil and gas will gradually be forced up the slope, the gas 
with its much lower specific gravity occupying the higher places. 

In places where the porous rocks are only in part completely 
saturated a combination of these two actions will take place. The oil 
above the line of complete saturation will run down to that line and 
the oil below will be forced up to the top of the completely saturated 
portion. 

The sand spoken of as porous may not be so at all points. If 
in some areas it is impervious, those areas will tend to limit the move- 
ment of the oil and gas through the rock. Although a short distance 
away the same stratum may be porous, it must from an oil standpoint 
be considered a separate and distinct porous body, unless the area of 
impervious rocks is so situated that the oil can readily move laterally 
around it. 

PLACES OF ACCUMULATION. 

In dry, porous rocks the principal points of accumulation of oil 
are at the bottom or near the bottom of the synclines, at the lowest 
points of the porous medium, or at any points where the slope of the 
rock is not sufficient to overcome capillary attraction and friction, 
such as structural terraces or benches. In porous rocks that are 
completely satiu^ated the accumulation of both oil and gas will be 
in the anticUnes or along level portions of the structure. In com- 
pletely saturated rocks of small area the accumulation should occur 
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at the highest point of the porous medium, and where stops or dams 
of impervious rocks^ exist in a generally porous stratum the accunm- 
lation should occur below such impervious stop, which is really the 
top limit of the porous rock. In porous rocks that are only partly 
filled with water the oil accumulates at the top Umit of the saturated 
area. This point may be anywhere with reference to the anticUnes 
and syncUnes. 

The condition most generally foimd is that the rocks are saturated 
only in a portion of their volume, in which case accumulations of oil 
may occur anywhere with reference to the geologic structure, though 
they are more Ukely to be on terraces or levels, as these points are 
favorable to accumulation iii both dry and saturated rocks. 

Under all conditions the most probable location for the accumula- 
tion of gas is in an anticUne, though small folds along the side of a 
syncline may capture and hold a supply of gas, or the rocks may be 
so close-grained that gas can not travel to the anticline, but must 
remain in greatest volume close to the oil accumulation. 

CONDITIONS IN THE FLUSHING QUADRANGLE. 
SATURATION OF BEREA SAND. 

In the Flushing quadrangle the Berea sand Ues in the same struc- 
tural basin as in the southeastern half of the Cadiz quadrangle. In 
that portion of the Cadiz quadrangle it was found to be completely 
saturated to an elevation of about 270 to 280 feet below sea level. This 
is equivalent to an elevation of 1,720 to 1,730 feet, as the contours on 
the Flushing quadrangle are numbered. This is higher than any 
portion of the sand in the Flushing quadrangle, except a very small 
area on top of the Smyrna anticline. The conditions, therefore, to 
be considered in this area are those of complete saturation. Under 
these conditions the oil should accunmlate just below the gas on the 
crest of the anticUnal ridges and upon terraces at the top of steep 
breaks. 

EXISTING OIL POOLS. 

Only three oil pools have been discovered in the Flushing quadran- 
gle. The Uniontown pool, in WheeUng Township, on the east edge 
of the quadrangle, extends eastward into the St. Clairsville quad- 
rangle for a short distance. This pool is located on a large structural 
flat or terrace, only a small portion of which is covered by it. The 
pool appears to be well defined within the quadrangle by dry holes. 
To the southeast the structure shows a descent of about 40 feet. 
This is not favorable for the accumulation of oil unless a steep slope 
of some magnitude exists in the St. Clairsville quadrangle. 

In the southwestern portion of the quadrangle is the north end of 
the Barnesville pool. This accumulation is on a slope as shown by 
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the contours. From the separate well records, however, a very 
narrow terrace can be recognized. The direction of the pool is along 
the strike of the rocks for 1 to 2 miles to the south and then to the 
west, the elevations of the sand diflfering by only a few feet in all wells 
where oil was found. 

The third pool in the quadrangle is at Oakgrove. This is the only 
accumulation so far discovered in the quadrangle that could have 
been foretold by a knowledge of the structure prior to the drilling of 
the wells. The location of the pool is upon a flat near the top of the 
Smyrna anticline. All wells so far developed are small, and a num- 
ber of dry holes are close to the producing wells. The wells are not 
in the best theoretical location for large production. The eastern 
side of the anticline along the Guernsey-Belmont county line in sees. 
32 and 33 appears to be the most favorable territory from a structural 
standpoint. From this point to the east is a strong dip of 160 feet. 
Near the top of this slope is the theoretical location for oil accumu- 
lation. The flat on the structural nose in the southern part of sec. 
31, Flushing Township, Belmont Coxmty, looks favorable and is 
certainly worthy of a test well. 

TERRrrORY FAVORABLE FOR NEW DEVELOPMENT. 

North of the village of Fairview, in the northern part of sec. 2, . 
Oxford Township, Guernsey County, is a structural dome in which 
there is probably an accumulation of both oil and gas. 

North of MorristowTi is a very low dome, including all of sec. 21, 
Union Township, Belmont County. The position of this dome is 
established by elevations on a number of the upper coal beds. It is 
probable that this feature extends down to the Berea sand. If the 
map is a true representation of the oil sand, this dome is a favorable 
point for both oil and gas. On its western side a number of wells 
have been drilled which produced gas from the upper sands. Wells 
Nos. 81 and 98 were drilled to the Berea sand and reported dry. They 
should not, however, condemn the entire area. 

In the northern part of sec. 10 and southern part of sec. 11, Athens 
Township, Harrison County, is represented an anticlinal dome whose 
northern dip is 20 feet or more. This feature is established by levels 
on the Meigs Creek coal. The conditions as represented should be 
favorable for both oil and gas. 

Along the north edge of the quadrangle, in sees. 1, 3, and 8 of 
Nottingham Township, Harrison County, is an anticline, and to the 
south of this ridge near Cassville is a second anticlinal fold. These 
features, are not prominent, but they are important owing to the 
slight northward dip of the formation. This northward "dip is well 
established by levels on the Pittsburg and Meigs Creek coals. The 
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main or northern anticline is a direct extension from the Moholland 
oil pool, which lies 1 mile to the northeast in the Scio quadrangle. 
This pool was discovered and partly developed during the summer of 
1906. The crest of the anticline through the sections mentioned is 
favorable territory. The secondary anticline to the south is detri- 
mental to the chances of oil on the main ridge, as its own dome may 
have trapped the oil. 

WEIiliS IN THE FI.U8HING QUADKANGI.E. 

The foUoAving table sets forth such information as was procured 
about the wells drilled in the Flushing quadrangle. It states in con- 
cise form the owner of the land on which the wells were drilled ; the 
number of them; the person by whom they were drilled; the eleva- 
tions of their mouths above sea level ; the distance from their mouths 
to the top of the Berea sand, and their total depths. The reference 
numbers of the wells correspond to those given on the map (PI. II). 
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PREFACE. 



By Alfbed H. Brooks. 



Though southeastern Alaska, because of its important mining 
interests, was one of the first fields in the Territory to l)e investigated 
by the Geological Survey, yet up to 1902 the work in this region 
had not advanced beyond the cursory examination of some of the 
more important districts. In 1902 a topographic survey of a snfiall 
area near Juneau was completed, and was followed during the next 
year by the geologic mapping of the same area and the extension 
of a geologic reconnaissance over a considerable adjacent region. 
The publication of the results of these surveys « marks the first steps 
in the systematic investigation of this field. The present report em- 
bodies the results of the extension of these studies southward to the 
southern boundary of the Territory. With its publication a pre- 
liminary statement of the mineral resources of the three most im- 
portant mining districts of southeastern Alaska — the Juneau, the 
Wrangell, and the Ketchikan — will have been issued. 

The main object of this publication is to meet the needs of the 
mining engineers and prospectors, and only so much of the general 
geology has been incorporated as is necessary to the understanding 
of the occurrence of the commercially valuable mineral deposits. By 
this policy it is possible to present some of the economic results of the 
investigations l)efore the completion of the geologic studies. A more 
complete exposition of the geology will l)e presented when the field 
has been more exhaustively studied. 

In such a report only the general features of the occurrence of the 
ore bodies can be presented. A final analysis of the various problems 
coimected with the genesis and occurrence of the ores must await 
detailed surveys. Such geologic surveys must be preceded by topo- 
graphic mapping and hence can be carried on only very slowly. This 
phase of the work has not been neglected, for two important mining 
districts, Bemers Bay and Kasaan Peninsula, have been mapped 
topographically, and the latter is being studied by geologists as this 
paper goes to press. 

• spencer, A. ('., The Juneau gold belt. AlaHka, ; Wrljfht. C. W., A roconnalssanco of 
Admiralty Island. Alaska : Bull. IT. S. iiaol. Survey No. 287. 1000. lUl pp.. :t7 pis. 
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THE KETCHIKAN AND WRANGELL MINING DISTRICTS, 

ALASKA. 



Bv Fred Eicjenk Wright and Charles Will Wright. 



INTRODUCTION. 

GENERAL STATEMENT. 

This report deals mainly with the mineral resources of the Ketchi- 
kan and Wrangell mining districts, but an introduction, presenting 
a summary of the general facts so far as known concerning the 
geology of the region, is necessary. As few detailed studies have 
been made except those of individual prospects and mines, the work 
must be regarded as preliminary. Each year since 1904 a summary 
report" of the mining developments and economic resources in the 
districts has been published; and on account of these pnblications 
and the ever-changing conditions of the mines more attention will 
be given in this paper to the geologic relations and characteristics 
of the ore deposits than to the details of mining development. 
Building materials of economic value, including marble, granite, 
and cement, are also considered briefly, and attention is directed to 
their increasing commercial importance. This report and the re- 
port on the Juneau gold belt by A. C. Spencer * complete the pre- 
liminary description of the important mining districts of south- 
eastern Alaska. Though the results obtained during the rapid re- 
connaissance of this large area do not present the refinements of 
detailed work, it is hoped that their presentation in the following 
pages will give a fairly correct impression as to the distribution, 
character, and relative importance of the ore bodies and ore-bearing 
formations in this section of Alaska. 

Both field and office work for this report have been carried on 
under the direction of Alfred H. Brooks, and to him the writers are 
greatly indebted for many valuable suggestions; they are also 

-Ball. V. S. Geol. Survey No. 259, 190r.. pp. 47-87: No. 2S4. 190«, pp. 30-^0; No. 314, 
1907, pp. 47-81. 

* Spencer, A. T., The Juneau gold l»eU, Alaska : Bull. I'. 8. (Jeol. Survey No. •JS7. li>0«. 
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12 KETCHIKAN AND WRANGELL MINING DISTRICTS, ALASKA. 

indebted to E. M. Kindle and G. H. Girty for the study of and the 
reports on the fossil collections from this area. 

The mine owi\ers, operators, and prospectors of the district, with- 
out exception, extended to the writers a most cordial cooperation and 
many courtesies, which are gratefully acknowledged. It is not j)os- 
sible to give the names of all who have aided in this investigation, 
but the work was especially facilitated by James Bawden, of Ketchi- 
kan; U. S. Rush, of Kasaan; B. A. Eardly, of Dolomi; J. L. Parker, 
of Hadley ; William B. Freeburn, of Mount Andrew ; Barton B. Neid- 
ing, of Niblack; Henry W. Mellen, of Coppermount; Charles A. 
Sulzer, of Sulzer; W. McLeod, of Dall Island; Charles E. Nassen, 
of Shakan, and Charles Nelsor, of Wrangell. 

To W. A. Langille, forest supervisor of the Alexander Archi- 
pelago, the writers are indebted for the information regarding the 
distribution and value of the timber in the region. 

FIELD WORK. 

The present reconnaissance embraced a land area estimated at 
14,500 square miles and includes the portion of the mainland extend- 
ing from Portland Canal on the south to a line running due east 
from Cape Fanshaw to the International Boundary, and those islands 
of the Alexander Archipelago south of Frederick Sound and Sum- 
ner Strait. The Ketchikan district to the south is separated from 
the Wrangell district to the north by a line through Sumner Strait 
around the north end of Prince of Wales Island,. down Clarence 
Strait as far as Ernest Sound, up Ernest Sound, along Bradfield 
Canal eastward, and across the mountain range to the International 
Boundary. 

Field work in the Ketchikan district was first undertaken by 
Brooks in 1901, and the observations included in his report" issued 
the following year were used as a basis for the present investigation. 

Field work was begun by the writers May 16, 1905. F. E. Wright 
started from Ketchikan and made a study of Revillagigedo Island, 
while C W. Wright and E. M. Kindle went to Juneau and from 
there, using a launch, visited the known fossil localities, made collec- 
tions, and studied the stratigraphic relations on Admiralty, Kuiu, 
and Kupreanof islands. This work' was completed June 20, at which 
time the writers met at Ketchikan and were joined by Alfred II. 
Brooks. The entire party then made a study of the geologic section 
across the Coast Range as exposed from Ketchikan to the head of 
l^ortland Canal, and returned to Ketchikan June 30. From July 1 
to July 10 Annette Island and a portion of the east coast of Prince 
of Wales Island were visited. F. E. Wright remained in this region 
to make detailed investigations of the mining areas, while C. W. 

« Rrooks. A. II., Kj'Ichlknn mining district : Trof. Taper T'. S. (;«m)I. Sfr^«;Jk: XfKl/>'^**2. 
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INTRODUCTION. 13 

Wright continued the general geologic mapping around Prince of 
Wales Island. The latter completed his work and returned to Juneau 
August 15, and from this datfe to September 18 was engaged in an 
investigation of the mines and prospects in the Juneau district.** 
During the latter part of September and until October 20, 1005, he 
studied the copper deposits in the vicinity of Copper Mountain. 
F. E. Wright continued his work in the Ketchikan district and on 
August 31 went north to Wrangell, where he studied the Coast Range 
belt and ore deposits of the Wrangell district. This work was com- 
pleted October 10, 1905. 

As only three months were devoted to the field work in the Ketchi- 
kan and Wrangell districts and as more than half of this time was 
used at the mines, the geologic mapping had to be pushed forward 
as rapidly as possible, and many important features were barely 
touched upon. Nearly 2,000 miles of shore line were hastily trav- 
ersed, and the geologic mapping was confined principally to the rock 
exposures along the shores of the island and mainland. These shores 
ai-e generally rocky, few sand beaches interrupting the continuity 
of the rock exposures, but, as it was necessary to traverse from 20 to 
00 miles of coasi line in a day, only the broad geologic features could 
be noted, and wide areas in the central parts of the island still remain 
unexplored. This work, especially along the west coast of Prince of 
Wales Island, was much hampered by the lack of charts, and it was 
necessary' to make a sketch survey of portions of the coast line in 
conjunction with the geologic mapping. 

During the latter part of September, 11X)6, and the first week of 
October, after the completion of the season's field work in the Sitka 
and Skagway districts to the north, C. W. Wright si)ent three weeks 
m the Ketchikan district, investigating the mine developments. 

MAPS. 

The charts of the Coast and Geodetic Survey and the results of 
reconnaissance surveys from 1890 to 1895 were used as base maps and 
found to be accurate to the scale. No accurate survey charts along 
the west coast of Prince of Wales Island and the adjacent islands have 
been issued, and the published maps of this area were found to be 
inadequate and had to be supplemented by sketch surveys made by 
the writers. As the Coast and Geodetic Survey has now begun 
work in this area, good charts will soon be available. The relief 
has been mapped in only the eastern part of the province, where 
topographic surveys have l)een made by the Canadian Boundary 
Commission. 

Three general maps accompany this volume (Pis. 1, II, and III, 
in pocket). PL I, a general map on a scale of about 10 miles to an 

• Wright, F. E. and C. W.. Report on progress of Investigations of mineral resources 
of Alaska : BuH. U. S, t;eol. Survey No. 284, 1900. pp. :n-40. /^^^M^ 
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14 KETt^HTKAN AND WRANGELL MINING DISTRICTS, ALASKA. 

inch, includes both the Ketchikan and Wrangell districts and is 
compiled from the charts of the Coast and Geodetic Survey, supple- 
mented by sketch maps made by the writers. On this the geology has 
been represented and also the location of the mines and prospects. 
The scale of this map is not sufficiently large to include all the 
names of localities referred to, but these will be found on maps of 
larger scale. On the other two maps (Pis. II and III), which are 
contoured sheets of the mainland portion of the province, the geol- 
ogy is plotted in more detail. The contouring of these sheets is 
taken from the maps of the Canadian Boundary Commission, pre- 
pared in 1902 on a scale of 1 : 160,000, but here reduced to 1 : 250,000, 
or about 4 miles to the inch, which is also the scale of the map of the 
adjacent mainland belt to the north already published." The contour 
interval is 250 feet, each 1,000-foot contour being emphasized by a 
heavier line. Sketch maps, introduced throughout the text to show 
the positions of mining properties, have been furnished for the most 
part by the mine owners themselves. 

LITERATURE. 

The first authoritative information in regard to the geology and 
niineral resources of the Wrangell and Ketchikan districts is the re- 
port of W. P. Blake,^ who made a reconnaissance of the Stikine 
River in 1863 and whose notes were subsequently published as a 
Congressional document. 

The early explorations of George M. Dawson *^ in 1888 present 
the first systematic work along the Coast Range in southeastern 
Alaska. At this time Dawson made geologic sections across the 
Chilkoot Pass and up Stikine River, and both his maps and geologic 
records are valuable contributions. In 1891 C. Willard Hayes** 
amplified Dawson's studies of the Coast Range by an intermediate 
geologic section along Taku Inlet and up Taku River, thus adding 
largely to our knowledge of the stratigraphy of southeastern Alaska. 

The following year investigations were made in the northern por- 
tion of southeastern Alaska by H. F. Reid ^ and H. P. Cushing,^ who 
made a study of the glaciers and geology of Glacier Bay in 1890-1892, 

« See PI. XXX VI I in the Juneau gold belt, Alaska : Bull. U. S. Geol. Survey No. 287, 
11>06, In pocket. 

* Blake, W. P., Geographical notes upon RusHian America and the Stikine River : 
House Ex. Doc. No. 177, pt. 2, 40th Cong., 2d sess. 

•^ Dawson, G. M., Report on an exploration in the Yukon district and adjacent portions 
ot British Columbia: Geol. Nat, Ulst. Survey Canada, vol. 3. pt. 1, 1887-8. pp. 1-277 
B ; (Jeologlcal record of the Rocky Mountain region In Canada : Bull. Geol. Soc. America, 
vol. 12, 1901, pp. n7-92. 

«* llayi'8, C W., x\n expedition through the Yukon district : Nat. Geog. Mag., vol. 4, 
1892, pp. 99-162. 

«^ Reid, 11. F., Studies of the Mulr Glacier: Nat. Geog. Mag., vol. 4, IS92-9.S: Glacier 
Bay and its glaciers: Sixteenth Ann. Rept. U. S. Geol. Survey, pt. 1, 1890, pp. 421-461. 

f rushing, 11. P., Notes on the geology In the vicinity of Mulr Glacier : Nat. Geog. 
Mag., vol. 4, 1892-93; Notes on the Mulr Glacier region and Its geology: Am, Geologist, 

vol. 8, 1891, pp. 207-230. C^ r^n^n]^ 
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INTRODUCTION. 15 

and by William II. Dall « and George F. Becker,^ who visited south- 
ern Alaska in 1895 to study its gold and coal resources. They visited 
a number of localities in the Juneau and Sitka districts and along 
the coast to the northwest, but at that time practically nothing was 
known of the mineral resources of the Ketchikan and Wrangell dis- 
tricts. 

In the reports of the Harriman Alaska Expedition, which made a 
cruise along southeastern Alaska and westward in 1899, B. K. Emer- 
son *" and C. Palache ^ published notes on the lithology and mineralogy 
of the rocks and ores from various points in southern Alaska. 

The most important contribution to the geology of the Ketchikan 
district and the only extensive report on that area thus far published 
was made in 1901 by Alfred H. Brooks.^ The same year Brooks com- 
pleted a hasty reconnaissance northward as far as Skagway and 
thence westward to Sitka. In this report not only the areal and 
structural geology of the Ketchikan district is discussed in consider- 
able detail, but also a geologic correlation of this section with other 
parts of southeastern Alaska, taken from his data and that of previ- 
ous investigators, has been included in an introductory sketch of 
the geology of southeastern Alaska. In 1903 Arthur C. Spencer/ 
assisted by C. W. Wright, made a study of the Juneau gold belt, 
including the mainland strip from Windham Bay to Berners Bay, 
and in the same year C. W. Wright made a reconnaissance of the 
Porcupine district^ to the northwest. During the years 1904 to 1906 
the writers have extended the geologic reconnaissance mapping so as 
to cover nearly all of southeastern Alaska, and each year a summary 
report of the results pertaining especially to the economic develop- 
ment of the region has been published.* The most complete report on 
Alaska as a whole is by Alfred H. Brooks,* published in 1906. This 
includes a description of the geography of southeastern Alaska and 
a correlation of the geology of this section with that of other parts 
of Alaska and British Columbia. 

- DaU. W. H., Coal and lignite of Alaska : Seventeenth Ann. Kept. U. S. Geol. Survey, 
pt. I. 1896, pp. 763-908. 

* Becker, G. F., Gold fields of southern Alaska: Eighteenth Ann. Kept. U. S. (Jeol. 
Surrey, pt 3, 1898, pp. 1-86. 

•• Emerson, B. K., Notes on the stratigraphy of Igneous rocks : Harriman Alaska Kx- 
IMMlitlon. vol. 4, 1904, pp. 11-66. 

'Palache, C, Notes on the minerals collected: Harriman Alaska Kxpedition, vol. 4. 
1904. pp. 92-96. 

'Brooks, A. H., Ketchikan mining district: Prof. Paper U. S. Geol. Survey No. 1. 
1902. 

' Spencer, A. C, The Juneau gold belt : Bull. IT. S. Geol. Survey No. 287, 1906. pp. 
1-137. 

'Wright. C. W., The Porcupine placer district, Alaska: Bull. V. S. Geol. Survey No. 
236. 1904. 

* Wright. F. E., and C. W., Bull. V. S. Geol. Survey No. 259, 190r», pp. 47-68; Bull, 
r. 8. Geol. Survey No. 284, 1906, pp. 30-54, 55-60; Bull. V. S. (;eol. Survey No. ,{14, 
1907. pp. 47-72, 73-81. 

* Brooks. A. H., Geography and geology of Alaska. Prof. Paper r. S. (leol. Survey N«). 

45, 190«. r^^^^T^ 
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16 KETCHIKAN AND WRANGELL MINING DISTRICTS, ALASKA. 

HISTORY OF MINING DEVEL.OPMENTS. 

KETCHIKAN MINING DISTRICT. 

l^rior to the year 1897 the Ketchikan district, which forms the 
most southern portion of Alaska, had not been investigated, though 
many prospectors had passed through it on their way north to central 
Alaska and to the vicinity of Juneau. Moreover, nqt until 1898 did 
mining actually begin in the district. During the period of Russian 
possession of Alaska little or no attempt was made to investigate its 
mineral resources. Though it seems certain that the Russians had 
knowledge at least of the exist enee of some deposits of chalcopyrite 
ore which fotm extensive outcrops at tide water in Kasaan Bay, the 
development of these and other metalliferous deposits was consist- 
ently avoided. 

Subsequent to the transfer of Alaska to the United States, Charles 
Baronovich, a Russian merchant, is reported to have locatexJ the first 
copper prospect in the district just south of Kasaan village, where 
the Copper Queen claim is now located. The comparative isolation 
of this district and the fact that large l)odies of native copper had 
been found in the Lake Superior region are probably the reasons that 
these sulphide deposits attracted but little attention. 

In the early seventies gold was reported from Unuk River, but the 
principal gold fields at this period were farther north, at the head- 
waters of Stikine River and in the Cassiar region, and little attention 
was given to the Unuk River deposits. During the succi»eding years 
the gold deposits of the northern part of southeastern Alaska at 
Juneau attracted most of the prospectors, and the Ketchikan district 
was entirely neglected. Petrof, in the Tenth Census report, <* mentions 
a mine which had been opened on Prince of Wales Island and had 
subsequently been closed. Though he does not give the location of the 
mine, it is probable that he refers to the early prospects near the 
present location of the Copper Queen claim, on the north side of 
Kasaan Bay. Some small shipments of copper ore appear to have 
been made at this time.^ In the Eleventh Census report Bruce ^^ 
makes the following statement: 

The Indications on the surface are that Prince of Wales Island contains much 
niiuerul. (iokl, both free milling and in sulphides, silver, galena, copi)er, and 
iron have been found in many places, but as yet no extensive eflForts have been 
made to demonstrate whether any of the ores mentioned exist in paying quan- 
tities. If minerals exist in other portions of the district, the very limited pros- 

« Population, indnstrlos. and resourcos of Alaska : Potrof, Ivan, Tenth Census of the 
I'nited States, 18M4, p. 77. 

^Compare No. lil."», Tenth (Vnsu.s of tho United States, p. 800. 

«• Bruce, >I. W., Population and resources of Alaska : Eleventh Census of the United 
States, 1890, p. aO. 
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HISTORY OF MINING DEVELOPMENTS. 17 

pectin}]^ done bus fuiicil tu show it. Aimette Island uiuy be an exceiitiun, and 
also I)all Island. Some of the finest 8i)eclinens of j?old-bearlng ore I have seen 
In my journey are said to have been taken from Da 11 Island. 

The men engaged in salmon fishing, many of whom had a knowl- 
edge of prospecting, were the next to interest themselves in the search 
for ore bodies in the Ketchikan region. These men explored the 
coast line and made many locations upon auriferous quartz veins and 
copper deposits. In the early nineties mining men became interested 
in these finds and some minor developments were made. Prominent 
among these men was James Bawden, who discovered in 1892 what 
he believed to be workable gold deposits on the eastern side of An- 
nette Island. 

In 1893 William Barnard relocated the copper prospects just south 
of Kasaan village and discovered other prospects in the near vicin- 
ity. Discoveries on Gravina Island and near Boca de Quadra were 
made in 1897,<» and in the succeeding year a number of important 
locations were made, notably the Gold Standard and other claims on 
Cleveland Peninsula, the copper prospects at Dall Head on Gravina 
Island, the gold veins at Dolomi and at Sea Level, and the many dis- 
coveries of copper ore on Kasaan Peninsula and on Copper Mountain. 

In 1899 discoveries were made at Hollis, at Skowl Arm, and at 
Niblack Anchorage, and developments were actively advanced at 
most of the other properties. The two years following were years 
of great mining excitement in the Ketchikan district, many hundreds 
of mineral claims were staked, and at a number of localities system- 
atic mining was begun. The developments of this region up to the 
summer of 1901 are set forth in much detail in the report of A. H. 
Brooks ^ on the Ketchikan mining district. 

Up to this time the Ketchikan mining district was included within 
the boundaries of the Wrangell recording district, with the recording 
place at Wrangell. Because of the mining interest in the vicinity of 
Ketchikan, the United States district court issued the following 
orders: 

Order, that boundaries of the Wrangell recording district No. 1 be so far 
modified as to exclude from boundaries of said district No. 1 that part thereof 
as follows: 

Beginning at a point on said western boundary line of district No. 1 south of 
where the same enters Chatham Straits and at a point from which, running 
due east, will pass the most southeni point of Coronation Island 5 miles south 
of the same, and running northerly along the center of Summer Strait around 
the most northerly end of Prince of Wales Island to a point where the same 
Joins Clarence Straits and half way between the most westerly f)oint of Zarembo 
Island and the most easterly |M>int of Point (\)lpoy8 on Prince of Wales Island ; 
thence along the center of Ernest Sound ; thence running in a northeasterly dlrec- 

• Report of the Governor of the District of Alaska, 181)7, p. 'M. 

» Brooks, A. H.. Ketchikan mining district : Prof. Paper V. S. Geol. Survey No. 1, 1902, 
pp. 35-110. 
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18 KETCHIKAN AND WRANGELL MINING DISTBICTS, ALASKA. 

tion up the center of Ernest Sound and north of Deer Island to the center of 
Bradfield Canal; thence in an easterly course along Bradfield Canal to the 
head thereof; then in a due easterly direction to the said International Bound- 
ary line; thence along said boundary line in a southeasterly direction through 
Portland Canal and Portland Inlet to Cape Fox; thence westerly along said 
boundary line through Dixon's Entrance to a point due south of the center of 
Chatham Straits ; thence due north to the place of beginning. 

Further ordered, that area within boundaries thus established be known as 
the Ketchikan recording district No. 8. 

To be in force after December 1, 1901. 

Since 1901 rapid progress has been made within the district, and 
several large new mines have been located and developed to a produc- 
ing stage. In 1903-4 a 250-ton smelter was erected at Copper 
Mountain^ and in 1905 smelting operations began. At Hadley, on 
Kasaan Peninsula, a 350-ton smelting plant was built in 1903-4, and 
here also smelting of the ores began late in 1905. The building of 
long tramways and wharves at Niblack, Skowl Arm, Karta Bay. 
Hetta Inlet, and other localities has greatly increased the facilities 
for mining. 

The town of Ketchikan, the official headquarters of the district, is 
on the west side of Revillagigedo Island and on the east side of 
Tongass Narrows. It was first located in 1888 as a cannery site with 
a general trading store, and in 1900 it was incorporated as a town. 
The town has now a population of about 1,200 and includes two well- 
equipped hotels and several large outfitting and general trading 
stores. By steamer route it is 660 miles northwest of Seattle and 240 
miles southeast of Juneau. Ketchikan, as it is situated just 60 miles 
north of the southern boundary line, is the first port of entry and the 
last port of departure for all vessels engaged in commerce in south- 
eastern Alaska and the commercial distributing point for this portion 
of the region. It is connected by cable with Seattle and the principal 
ports in southeastern Alaska. Besides the mining interests there are 
six salmon canneries, sawmills, and various other industries of com- 
mercial importance in the district. 

WRANGELL MINING DISTRICT. 

Fort Wrangell was established by the Russian- American Fur Com- 
pany nearly a hundred years ago and received its name from Baron 
von Wrangell, the second Russian governor. From 1837 to 1847 it 
was a trading post of the Hudson Bay Trading Company, which 
still has a station up Stikine River in British Columbia. 

Gold was first reported on the bars of Stikine River as far back 
as 1862, and in 1863, word having been received at Sitka of this dis- 
covery, the Russians sent an expedition to Stikine River to find out 
whether these discoveries were in Russian territory and to establish 
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the boundary between the Russian and English possessions. W. P. 
Blake, an American geologist, accompanied this expedition as a 
volunteer and made notes on the geology of the region and on the 
occurrence of placer gold, which were subsequently published as a 
Congressional document.* This constitutes the first authoritative 
information in regard to the mineral resources of southeastern 
Alaska. 

During the early seventies discoveries of placer gold in the Cas- 
siar district of British Columbia attracted hundreds of gold seekers 
from various countries to Fort Wrangell, whence they journeyed up 
Stikine River to near its source in the Cassiar district. This, how- 
ever, was a long and difficult trip, and many of the gold seekers 
began prospecting in the vicinity of Wrangell, some working north- 
ward into the Juneau district. Mineral locations were made in the 
following years on deposits of gold, copper, and silver-lead ores, but 
as a whole this section remained comparatively idle until the Klon- 
dike excitement in 1897-98. Then Wrangell again became an im- 
portant transhipment point, because Stikine River became one of 
the routes to the interior. At this time prospecting was again ad- 
vanced in the Wrangell district, though with little success. In 
1900-1901 considerable work was done on the gold and copper de- 
posits on Woewodski Island by the Olympic Mining Company. A 
large stamp mill was erected, wharv es were built, arid other surface 
improvements were made, but operations were soon suspended. The 
Wrangell district, though it has not advanced beyond the prospect- 
ing stage, contains promising mineral deposits both along the main- * 
land and on the adjacent islands. Several salmon canneries and a 
large sawmill at Wrangell constitute the principal resources of the 
district 

The town of Wrangell, with a population of about 1,000, including 
the natives, is 160 miles south of Juneau, is the distributing point for 
the Wrangell district, and is also the official headquarters. It is still 
the supply port for the interior mining camps of British Columbia 
tributary to Stikine River, and during the summer months a large 
river steamer makes stated trips between Wrangell and Telegraph 
Creek, 170 miles up the river. 

PROBUCTIOX. 

The following table shows the total metal production for 1905 and 
1906 of the ores derived from the copper mines in the Ketchikan 
district. The second table shows the average content per ton of ore. 
Outride of the Ketchikan district there are no producing copper mines 
in southeastern Alaska. 



« House Ex. Doc. No. 177, pt. 2, 40th Cong., 2d Bess. 
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20 KETCHIKAN AND WKANGELL, MINING DISTRICTS, ALASKA. 
Total productian from copper mincH in the Ketchikan district^ 1905 and 1906, 





Ore. 
short 
tons. 


Copper. 


Gold. 


Silver. 


Total 


\onr. 


Pounds. 


Value. 


Ounces. 


Value. 


Ounces. 


Value. 


value. 


1905 ^- 30.400 


1,901,392 ^95.616 


1,178 
3,031 


$34,370 
62,851 


18,000 
27.152 


17.887 
18,102 


1337.853 


1906 


85,139 


4,350,671 


838,660 


919.613 



Averayc etmtent per ton of ore from copper mines in the Ketchikan district 

1905 and 1906. 





Year. 


Copper. 


Gold. 


Silver. 


Total 




Pounds. 


Value. 


Ounces. 


Value. 


Ounces. 


Value. 


value. 


1905 - 


62.5 
51.1 


19.75 
9.86 


0.038 
.036 


$0.78 
.74 


, 0.43 
.32 


$0.26 
.21 


$10.79 


1906 




10.81 



In computing the value of the metal content of the ores the average 
values of silver and copper in 1905 and 1906 were taken, as follows: 
For 1905, silver=$0.604 per ounce, copper=0.156 per pound; for 
1906, silver=$0.67 per ounce, copper=$0.193 per pound. 

The total copper production of the district previous to 1905 is esti- 
mated at 1,600,000 pounds. At 12 cents per pound, the average price 
of copper for that period, the value of this is $192,000. These 
amounts added to those for 1905 and 1906 give a total copper pro- 
duction of 6,251,963 pounds and a total value of $1,134,276. 

The remarkable increase noted in the preceding tables from the 
mines in the Ketchikan district has brought this section of Alaska 
well to the front as a copper-producing region. Practically the first 
large shipments were made in the spring of 1905, and since that time 
the production has steadily increased. The rise in the price of cop- 
per from an average of $0,156 a pound in 1905 to an average of $0,193 
a pound in 1906 has permitted the profitable extraction of copper 
ores of lower grade than those mined in 1905, and by the improve- 
ment in transportation and mining conditions it will be possible to 
mine ores still lower in metal content. In 1906 there were 10 pro- 
ducing copper mines in the districts, whereas in 1905 only 6 were 
productive. 

• There are only a few gold mines in the Ketchikan and Wrangell 
districts and their output has been spasmodic. During 1906 only two 
gold mines were productive, though from several others there was 
a considerable output in previous years. Brooks estimated the total 
gold output in 1901 to be $100,000. From 1901 to the end of 1906 
the production from the gold mines is estimated at $120,000. These 
amounts added to the gold production from the copper ores, which 
is approximately $110,000, gives a total gold output of $:330,000. 
The silver production is estimated at $^^0,000 from the copper ores, 
$16,000 from the gold ores, and about $4,000 from the silver-lead ores. 
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GEOGRAPHIC SKETCH OP SOUTIIKASTKBN AL.A8KA. 

Southeastern Alaska embraces an area of high relief, whose domi- 
nating feature is the Coast Range skirting the mainland on the east 
*(P1. IV). To the west it includes Alexander Archipelago, with its 
maze of waterways and numerous islands. These islands are also 
of high relief, but in general the uplands fall off toward the Pacific. 
The Pacific Mountain system as defined by Brooks^ embraces a 
broad zone of ranges lying parallel to the southern coast line of 
Alaska and forming with it a curve concave toward the south. Of 
these the Coast Range, the St. Elias Range, and the Aleutian Range 
lie adjacent to the coast, while the Alaska Range is inland and forms 
the northern border of the system. In southeastern Alaska the 
system includes the Coast Range and the seaward group of moun- 
tainous islands of Alexander Archipelago. The same general sub- 
division into a mainland Coast Range and an outlying mountainous 
belt, called the Vancouver Range by G. M. Dawson,'* continues into 
British Columbia, where it is more sharply marked. The Coast 
Range extends from southern British Columbia into southeastern 
Alaska, where it lies partly in Alaska and partly in Canada. To the 
northwest it passes inland behind the St. Elias Range and thence 
decreases in altitude, gradually merging into the interior plateau. 
A remarkable feature of this range, which was noted by Dawson ^^ 
and Hayes,** is the uniformity of the summit levels, which present the 
apf)earance of a dissected plateau. 

The mountain masses composing the outlying islands of south- 
eastern Alaska, though separated from the St. Elias Range on the 
north by Cross Sound and not orographically connected, are geologic- 
ally similar and, as suggested by Brooks,*' may properly be considered 
the southeastern extension of the St. Elias Range (PI. IV). 

From Dixon Entrance, the southern limit of Alaska, to Cross 
Sound, a distance of 500 miles, the islands and mainland are broken 
by an intricate system of waterways and fiords. Some of these reach 
far inland, but they frequently run parallel with the coast. Chatham 
Strait, with its northern extension, Lynn Canal, is the longest fiord. 
It passes over three degrees of latitude, a distance of 250 miles, and is 
from 3 to 6 miles broad with a depth of from 1,000 to 2,500 feet. 
This fiord traverses the general trend of the mountain ranges and the 
bedrock structure at an angle of about 30° and in this differs from 

• Brooks, A. H., Geography and geology of Alaska : Prof. Paper U. S. Geol. Survey, 
No. 45, 1906, p. 28. 

•Trans. Roy. Soc. Canada, vol. 8, sec. 4, 1890, p. 4. 

* Dawson, G. M., Report on the area of the Kamloops map sheet, British Columbia : 
Ann. Rept. Geol. Survey Canada, new ser., vol. 7, 1894, p. 10 B. 

* Hayes. C. W., An expedition through the Yukon district : Nat. Geog. Mag., vol. 4, 1892, 
pp. 4-24. 

• Op. dt. p. 20. 
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the other watercourses, which are either parallel to the coast line and 
trend of the rock beds or cut across them irregularly at nuich greater 
angles. Both the geology and the topography indicate that the posi- 
tion of Lynn Canal and its southern extension, Chatham Strait, is 
determined by a line of faulting (PL IV). Other important fiords 
are Portland Canal (PL V, ^), Clarence Strait, Behm Canal, Taku 
Inlet, and Glacier Bay, each of which has its own characteristics. 
These waterways, which are long, narrow, deep arms of the sea ex- 
tending far back into the mountains, have been aptly compared with 
wide, slowly flowing rivers. The flow varies with the tide, the rise 
and fall averaging about 15 feet and causing strong eddies and cur- 
rents between periods of high and low w^ater. ' In southeastern Alaska 
these inland passages are known locally not as fiords but as canals, 
straits, inlets, coves, bays, sounds, and arms. They are a distinctive 
and dominating feature of the country and furnish both effective and 
safe routes of communication between different points of a region 
which is otherwise mountainous and difficult of access. The topog- 
raphy is so rough and uneven that only at great expense and in 
favored localities can even wagon roads be constructed and railroads 
of any length can hardly be considered. The fiords, however, not 
only are of the greatest value as highways of commerce, but possess a 
great commercial asset in the immense quantities of fish, especially 
salmon, halibut, and herring, which throng their waters at different 
seasons of the year. The ease with which transportation can be 
effected is also an important factor in mining operations and the 
lumber industrv. 



GBOGRAPUY OF THE KETCHIKAK AND WRANGEIili 

DISTRICTS. 

GENERAL STATEMENT. 

The area considered in the present report, the Ketchikan and 
Wrangell districts, is located at the southern end of the Alaska pan- 
handle; it begins at Portland Canal and is limited on the north by 
Frederick Sound. Its total land area approximates 14,500 square 
miles, about one-third of which is included in islands. Of these 
Prince of Wales Island is the largest, and Revillagigedo, Kupreanof, 
and Kuiu islands are next in size. 
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GENERAL MAP OF SOUTHEASTERN ALASKA. ^^ j 

Showing mining district* and areas covered by geologic maps inRlfli^'^^I^Y >-JvJ\^glV^ 
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In the following table an estimate is given of the area of the main- 
land and of the larger islands in each district : 

Areas of the Ketchikan and WrangeJl districts. 

Ketchikan district: Square miles 

Mainland -' 4,050 

Islands over 100 square miles in nren : 

Prince of Wales Island 2.800 

Revillagigedo Island 1,120 

Gravina Island 102 

Annette Island 133 

Dall Island 275 

Kosciuslso Island 160 

Total of islands less than 100 square miles in area 730 

9.370 

Wrangell district: 

Mainland 2,200 

Islands over 100 square miles in area : 

Kupreanof Island 1,080 

Kuiu Island 750 

Mitltof Island 200 

Wrangell Island 220 

Etolln Island 330 

Zarembo Island 180 

Total of islands less than 100 square miles In area 170 

5,130 

Grand total 14,500 

MAINLAND BELT. 

The mainland belt includes the mainland area and the islands which 
lie east of a line extending from Dixon Entrance through Clarence 
Strait and Duncan Canal to Frederick Sound. In general aspect 
the topographic character of this eastern portion differs but little 
from that of the other portions of the Coast Range province to the 
north and south. The mountains rise abruptly, at some places in 
sheer cliffs, from tide water to elevations of 2,000 to 5,000 feet, and 
the peaks farther inland reach altitudes of 6,000 to 10,000 feet. These 
mountain masses are made up essentially of the immense batholiths 
of the Coast Range granite, ^ and the land features are chiseled on a 
correspondingly broad scale. Owing to the mode of formation and 
physiographic development of these mountains, there is frequently a 
decided lack of bed-rock control of the lines of drainage or erosion. 
Though profoundly dissected, the mountains show a notable tend- 
ency to uniformity of elevation in the crest lines of their summits 
(PL V, ^ ). These summits are usually broad and somewhat flat with 
gently arched backs, and if the intervening precipitous valleys were 

•See p. 61. 
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filled to their original profiles, there would be an undulating and 
warped surface sloping gradually seaward from the center of the 
range. 

The land forms over the entire area indicate an intensely glaciated 
region which has been but slightly modified by water erosion since 
the glacial epoch. At the time of the maximum ice flooding, during 
the glacial epoch, the ice sheet covered the whole area with the excep- 
tion of isolated high peaks which can be recognized at present by their 
sharp, serrated outlines and lack of glacial rounding. Even at the 
present time of glacial drought a number of small ice fields are still 
within the Coast Range belt of this area, located above snow line and 
sending small tongues down the valleys even to tide water. The spe- 
cial features of glacial sculpture, as U-shaped valleys, fiords, glacial 
erratics, cirques, hanging valleys, double cliff slopes, truncation of 
spurs and tendency toward perfect alignment of cliff bases, glacial 
grooves and stria*, and roches moutonnees^ are developed to a remark- 
able degree within this area. The noticeable absence of moraines in 
such an area of extensive glaciation is due chiefly to the peculiar 
steepness of the mountain and valley slopes. Many of the fiords are 
floored by sand and gravel moraines and are frequently partially 
choked at their entrances by morainal material. Among the higher 
mountains inland small glaciers are present, and in Le Conte and 
Thomas bays they extend to tide water, but none were observed on 
the adjacent islands. 

Forelands occur locally (PL V, ^1), but are of small extent, and the 
only large areas of level land in the region are at the mouths of the 
greater watercourses, notably at the mouth of Stikine River, where 
the counteraction of the tide and stream flow has caused the deposition 
of sands and muds and formed broad tide flats. 

Peninsulas and islands adjacent to the mainland are separated by 
deep, narrow fiords extending many miles inland. Cleveland Penin- 
sula, the largest of these promontories, is 10 to 15 miles wide and 
contains mountains whose summits reach over 4,000 feet in elevation. 
Revillagigedo Island is separated from the mainland by Behm Canal, 
a narrow, steep-sided fiord, which surrounds the eastern half. Its 
mountain tops range from 2,000 to 4,000 feet above sea level. Georga 
and Carroll inlets and Thorne Arm dissect this island and border nar- 
now promontories whose altitudes reach about 3,000 feet. 

The mainland belt is intricately dissected by narrow steep-sided 
valleys heading in mountainous canyons, many of which are filled 
with snow, or in glacial cirques, many of which contain small glaciers 
or patches of ice. The initial descent of these valleys is steep, the 
streams often forming beautiful waterfalls of gi'eat volume and 
power. Tributary creeks or rivers enter from both sides, the valleys 
gradually widen, and the valley floors become covered with a gravel 
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A. VIEW FROM BOUNDARY PEAK DOWN PORTLAND CANAL. 
Showing abrupt topographic relief. 



B. VIEW FROM MOUNT ANVIL. ANNETTE ISLAND. NORTH TOWARD KETCHIKAN. 
Showing forelands and topographic sculpture of the islands adjacent to the mainland. 
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wash consisting largely of gravel, cobbles, and bowlders of granite. 
As the grade decreases the gravel beds become deeper and wider and 
the stream flows around the flanks of precipitous mountain spurs and 
enters the sea at the head of some tidewater inlet. The tide flats 
at these points are usually wide and are composed of fine sand and 
mud, the depth to bed rock being probably several hundred feet. 
They extend into the channels for a short distance beyond the low-tide 
Ime and there end abruptly. Depths of 50 to 100 fathoms are com- 
mon in these inlets a short distance from the shore. 

The largest of these valleys is that of Stikine River (PI. VI) , which 
rises in British Columbia, crosses the Coast Range mountain divide, 
and forms a drainage valley for part of the inland plateau. Its 
numerous branches interlock (1) with the headwaters of Taku River; 
(2) with the streams flowing into the Yukon to the northeast; (3) 
with the streams tributary to Dease Lake and Dease River to the 
northwest, a part of the McKenzie River drainage; and (4) wuth the 
streams flowing south into Nass River. The upper valley of Stikine 
River, which here flows in a southwesterly direction, is broad and 
slopes at low angles. It changes, however, to a canyon as it begins 
to traverse the Coast Range, and in Kloochmaa and Little canyons 
steep cliffs rise abruptly 1,000 feet or more on each side. Below 
Kloochman Canyon the river changes its course from a southwesterly 
to a general southerly direction, and 20 miles from its mouth it bends 
sharply to the west. Throughout its course in the mountains the 
effects of ice sculpture are visible and dominate the landscape. Sev- 
eral large glaciers, notably Flood Glacier, Dirt Glacier, Great Glacier, 
and Popof Glacier, still occupy tributary valleys and can be observed 
from the main valley. Stikine River reaches salt water at the head 
of Stikine Sound, 12 miles north of Wrangell, where a wide delta has 
been formed. 

Among other river valleys are those of the Unuk and Chickamin, 
both large rivers and next m size to the Stikine. Their source, how- 
ever, is on the western slope of the mountain divide and their valleys 
are more or less canyonlike to the sea, a distance of less than 60 miles. 

The seaward extension of many of these valleys is represented by 
tide-water channels or fiords. The largest of these in this region is 
Portland Canal, which extends inland 150 miles, with an easterly and 
then northerly course (PI. V, ^). It is only a mile or two in width, 
from 100 to 200 fathoms deep, and the mountains rise to elevations 
of 4,000 to 6,000 feet a short distance inland from its sides. Bear 
and Salmon rivers enter at the head of this canal. Next in size is 
Behm Canal, which branches west and south from the mouth of Unuk 
River. The southern branch is much broader than Portland Canal, 
and several smaller river valleys and inlets are tributary to it from 
the east, as Smeaton Bay, Rudyerd Bay, Walker Cove, and Chickamin 
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River. The west branch of Behni Canal is narrow at first, then it 
takes a southw^esterly course and widens into a sound with many bays 
entering it. Among the smaller canals are Willard Inlet, Nakat 
Inlet, Boca de Quadra, and Bradfield Canal on the mainland, and 
Thorne Arm, Carroll Inlet and George Inlet on Revillagigedo Island. 

SEAWARD ISLANDS. 

There are no topographic maps of Prince of Wales, Kuiu, or Kup- 
reanof islands, and little is known in detail of their valley courses or 
the trend of their mountain ranges. The shore line has been care- 
fully mapped along the eastern portions of these islands, but much 
remains to be accomplished along the western coast, notably on Prince 
of Wales and Kuiu islands. 

Prince of Wales Island is 80 miles long and 30 miles wide; its 
shore line is indented by numerous bays and inlets, which are char- 
acteristic of the entire coast. It is separated from the mainland by 
Clarence Strait, a deep channel about 4 miles wide, running north 
and south. Portions of the west coast are directly exposed to the 
Pacific Ocean, but most of it is protected by the small seaward islands, 
the largest of which is Dall Island. Viewed from the channels. 
Prince of Wales Island presents a mountainous mass of very irregular 
outline. Its relief, however, is less rugged than that of the main- 
land or of some of the islands to the north, such as Baranof Island. 
A low pass across the island, 4 miles long and less than 150 feet in 
elevation, connects the head of Cholmondeley Sound on the east with 
the head of Hetta Inlet on the west coast. Another pass, 6 miles 
long, unites the south arm of Cholmondeley Sound with Klakas Inlet. 
The head of Twelvemile Arm also is connected with Big Harbor on 
the west coast by a portage several miles long. Numerous lakes occur 
inland both in low-lying valleys and in basins from 1,000 to 2,000 
feet in elevation. The mountain summits range in height from 2,000 
to over 3,000 feet, the highest l)eing Copper Mountain, 3,800 feet above 
sea level. 

Still less is known of Kupreanof Island. On its north end are two 
small mountain ranges; the one northeast of Kake village has sum- 
mits reaching altitudes of 3,000 feet, and the other, the Bohemian 
Range, just west of Portage Bay, includes peaks 2,500 feet in eleva- 
tion. The southern end of the island consists of low-lying hills 
rarely exceeding 1,000 feet in altitude. A low pass from the head of 
Duncan Canal to Portage Bay nearly separates the eastern from the 
western half of the island. 

Kupreanof is separated from Kuiu Island by Keku Strait, an 
irregular tide-water passage, through which only small boats can 
pass. Kuiu Island is deeply dissected by bays, which almost divide 
it and give it an extremely irregular shore line. At the head of Bay 
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of Pillars is a portage 1 mile in length, which connects with Port 
Camden on the east side of the island. Another low pass extends 
from the head of Port Camden to Threemile Arm on the southeast 
side of the island. Small mountainous areas were noted on the west 
coast of Kuiu Island east of Washington Bay and on the two penin- 
sulas forming the south end of the island. Few of the highest peaks 
exceed 2,500 feet in elevation, and the mountain summits are gen- 
erally less than 2,000 feet. 

In general both the (X)urse of the valleys and the trend of the small 
mountain ranges of these outer islands conform to the underlying 
rock structure, which has largely controlled the erosive processes. 
The intrusive masses and upturned edges of resistant schists and 
limestones persist above the general level and form the hills, ridges, 
and mountain peaks. The areas of soft shales, sandstones, and less 
resistant rocks are marked by lowlands, deep valleys, and channels. 

No glaciers or ice fields are now on these islands, but evidence of 
former glaciation is every where present. On Prince of Wales Island 
basins scooped by glacial action and now filled with lakes occur at 
elevations of 600 to 2,000 feet in the vicinity of Copper Mountain, 
and the surrounding mountains, composed essentially of granite, are 
well rounded and have on them many large bowlders which are evi- 
dently erratics. In the lOawak Range to the north are several clearly 
defined glacial cirques containing small lakes and surrounded by more 
or less jagged crest lines. In the rock exposures along the tide-water 
channels grooves were observed in a few places which may also be 
attributed to glaciation. Similar phenomena were noted on Kuiu and 
Kupreanof islands. 

The coast line of these islands is Broken by bays, coves, and chan- 
nels. The hydrograpKic maps of this area show numerous excellent 
harbors and many protected channels which favor navigation. One 
of the striking features is the shallowness of many of the bays and 
channels as compared with the depths noted in the fiords of the main- 
land belt. Again, the river depo3its at t]ie heads of bays have a 
gradual slope and do not descend abruptly into deep water a short dis- 
tance from the shore, as do the tide flats along the mainland. These 
facts and the topographic observations tend to show the greater ad- 
vance in topographic development of the seaward portion in contrast 
with that of the mainland. (Compare PL V, A^ with PI. V, B.) 

ClilMATIC COITDITIONS. 

-The annual changes in climatic conditions in southeastern Alaska 
are not so varied as might J3e expected for a region lying between 55° 
and 60° north latitude. The effect of the warm ocean current of the 
northern Pacific is strongly felt and serves to moderate the climate. 
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This region is characterized by mild winters and cool summers, and 
by heavy precipitation, which is greatest at the points exposed to the 
sea and diminishes somewhat inland. Nearly all the precipitA^n 
below an elevation of 500 feet is in the form of rain. Most of the 
rain falls between the first of September and the last of January, 
though the amount varies greatly from one year to another. The sea- 
son of least rainfall is generally from April to July. 

The prevailing winds come from the southwest, and bear humid 
atmosphere from the sea, which gathers about the mountain range 
and condenses in the form of fog and rain. This causes excessive 
rainfall along the western slopes of the Coast Range, while, the in- 
land regions to the east suffer for want of the rains thus intercepted. 
A change from a southwest to a north wind almost invariably brings 
fair weather. 

The temperature throughout the year is mild, the thermometer 
rarely falling to zero Fahrenheit at the lower elevations. The snow- 
fall is heavy in the mountains, from 3 to 8 feet in depth, but near 
sea level not more than a few inches of snow fall at one time during 
an ordinary winter and this soon disappears. 

Two tables from a report on the meteorology compiled by Cleveland 
Abbe, jr.," follow, one presenting the average rainfall per month in 
inches at different points along the coast, the numbers representing the 
mean precipitation for two or more years; the other giving. the 
average maximum and minimum temperature in degrees Fahrenheit 
for each month, as recorded at the different stations for periods of 
several years. A third table, compiled by Alfred H. Brooks, is 
added for the purpose of comparison. It gives the average monthly 
temperatures at various stations in southeastern Alaska and at for- 
eign localities of about the same latitude. The data from the station 
at Port Angeles in Washington is included with the others to show 
the slight difference that exists between the average monthly tem- 
perature in southeastern Alaska and that of the portion of Wash- 
ington adjacent to the coast. 



Average monthly preeipitation in southeastern Alaska, 
[In inches.] 



Station. 



Jan. Feb. Mar. 



Wrangell 6.07 

KllUsnoo 5.98 

Juneau ' 8.77 

SkaRway .-' .90 

SItka -.12.17 



8.11 
4.96 
4.38 
.57 
7.47 



2.80 
4.04 
4.62 
.64 
0.70 



Apr. May. 



4.11 
3.60 I 
7.04 I 
2.39 I 
5.61 



I 



3.n 

3.38 

4.28 

.77 

4.11 



June. ' July. 



3.66 

2.36 I 

3.09 

.60 

3.31 ; 



I 



4.19 
3.96 
1.73 
3.55 



Aug.. Sept. 



3.07 6.63 
4.90 I 7.79 
9.39 ,11.39 
1.51 3.47 
5.84 9.67 



Oct. 



7.36 
7.92 

11.47 
3.22 

11.96 



Nov.' Dec. Total. 
11.27 10.41 



I 



5.16 
7.51 
3.22 
9.80 



4.81 
8.37 1 
3.78 
7.88 I 



• ITof. rapor TT. 8. (Jeol. Survey No. 4.">, inofi, pp. 1.58-107. 



70.88 
58.B7 
84.27 
21.75 
88.10 
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Monthly maximum and minimum temperatures in southeastern Alaska, 
[In degrees Fahrenheit.] 



Statioti 




Mar. 



Apr. 



May. 








- 





54 


-10 


64 


24 


52 


- 2 


63 


15 


61 


- 5 


61 


28 


63 


-10 


61 


16 


65 


- 1 


70 


10 



ill 

- , 29 ' 
79 25 1 



June. 



86 . 3S 

76 83 

SO 36 

90 I 3( 

80 33 



Sept. 



Wrangell. 

KUlisnoo. 

Juneau. 

Ska^way 

Sitka. 



73 38 
69 1 27 
65 , 34 
76 30 

74 I 32 



— 


— — 




^r- 


Oct. 


Nov. 


67 1 31 


53 


4 


60 ' 25 


53 


1 


65 


23 


56 


10 


60 


16 


£1 


7 


65 


25 


50 


5 



Dec. 



-3 
1 
8 

-4 

7 



Mean monthly temperatures for stations in southeastern Alaska and for foreign 
loealities near the same latitude,^ 



Station. 



[In degrees Fahrenheit.] 



I 



Latitude.! Jan. 



WrangclL i 56 33 

Sitka - 57 3 

Juneau I 68 18 

Kllifanoo - , 57 28 

Port Angeles, Waah_ I 48 10 

Christlanla. Norway J 60 

Hetetagfors. Finland. 60 20 

Stockholm, Sweden 59 

Scotland- ' 57 30 



26.2 I 
32.9 , 
27.5 ' 
27.7 t 
84.7 
24.1 
20.9 
33.5 
87.1 



Teh. 


Mar. 


30.8 


31.6 


33.6 


87.1 


24.7 


33.5 


26.8 


33.1 


36.7 


41.7 


23.9 


29.5 


18.8 


26.2 


29.5 


33.8 


38.4 


39.5 



Apr. 1 


May. 


June. 


«.7| 


49.8 


65.3 


42.1 


47.6 


51.9 


40.1 


47.6 


53.6 


36.9 


45.6 


61.6 


45.6 


50.6 


64.0 


39.9 1 


50.9 


50.9 


34.8 , 


44.1 


56.9 


89.5 ' 


52.5 


57.0 


44.1 1 


49.0 


64.8 



July. 



58.2 
55.1 
56.6 
65.2 
56.6 
62.6 
61.9 
59.1 
57.1 



Station. 



Wrangell 56 

Sitka _..' 57 

Juneau 

KBIfenoo 

Port Angeles, Wash | 48 

Christlanla, Norway 60 

Helslngfors. Finland 60 

Stockholm, Sweden 59 



33 

3 

58 18 

57 28 



Scotland.. 



20 



57 90 



^"'- 


sept. 


57.5 


52.3 


56.4 


52.3 


55.0 


49.9 


54.4 


47.8 


56.8 


52.7 


60.6 


52.7 


58.3 


50.5 


1 59.3 


.53.6 


56.6 


52.8 



Oct. 


Nov. 


Dec. 


Average. 


45.9 


33.5 i 


32.9 


43.0 


46.2 


38.9 1 


35.8 


44.2 


41.9 , 


31.2 ' 


29.3 


40.9 


41.1 1 


83.4 1 


30.1 


40.8 


47.7 1 


42.4 1 


38.2 


46.1 


41.9 


32.1 1 


2.3. G" 


41.9 


43.9 ' 


83.7 1 


21.7 


39.2 


40.6 1 


a5.6 , 


27.3 


43.4 


«.., 


40.6 


37.8 


46.1 



* Compiled by Alfred H. Brooke from the following publications: U. S. Weather Bureau 
reports: LaodrugMlirekt, Beretning, 1803; Pfver, FInska Vetenskaps Soc. Forhandllnger; Me- 
teror laktag. 1 Sverige k. Svensk Vetens. Akad., 1890; Trans, Highland and Agrlc. Soc. Scot- 
land. 1805. 

These tables show that climatic conditions in the Ketchikan and 
Wrangell districts are favorable for the development of mining enter- 
prises. The abundant precipitation is rather trying to those who 
are accustomed to a more arid climate, but this rainfall, though 
a drawback to the prospector, does not interfere with mining devel- 
opments. In fact, it is an advantage, as it furnishes considerable 
water power which can be utilized in mining operations. Except at 
high altitudes, snow does not interfere materially with transpor- 
tation or mining. 
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TIMBER AND VEGETATION. 

DISTRIBUTION OF TIMBER.® 

Southeastern Alaska is mostly forested, but the portion covered 
with a commercial stand (marketable timber) is relatively small. 
The ^freater part is included in the Alexander Archipelago National 
Forest. 

The forests of the region are made up of the coniferous species 
shown in the following list, which presents also an estimate of the 
approximate quantity of each : 

Trccit of HffUihvastcrn Alaska, 

Per o«»nt. 

Western hemlock, Tsuga hvtvrophylla UO to 70 

Sitka spruce, Pieca sUvhcnsiH 20 to 25 

Yellow cellar, Chamcrcyparis nootkaensin^. 

Red ctMlnr, Thuya plicata 

Alpine hemlock, Tsuga mertntsiana 

Jack pine, Pinus contoria 

The amount of timber in the stands of commercial forests varies 
greatly, ranging from 30,000 to 80,000 feet (board measure) per 
acre. The average stand of saw timber along this coast, however, 
is much less, probably not more than 5,000 to 10,000 feet per acre, 
because of the w'ide intervals of poor forest growth in the swampy 
areas and on the higher slopes. 

Except on the limited areas of alluvial deposits along the streams, 
the logging conditions are not good, the best timber being on steep 
or rough ground. 

Although the hemlock is the dominant tree and the best timber 
for general purposes, it is little used for saw timber because of a 
public prejudice against it. Ijoggers often object to cutting it be- 
cause its excessive weight adds to the difficulty of towing. It is 
used at present chiefly for piling, for which it is well adapted if 
cut during the winter months, when the bark is close and not so 
susceptible to the attacks of the ship worm {Toredo navalv<). The 
tree of greatest prest*nt conmiercial value is the spruce, which is 
used for all purposes. Its soft, fibrous wood has little shearing 
strength and is not serviceable for ore bunkers, bins, or other struc- 
tures requiring great strength. Many spruce trees have magnificent 
proportions, and the average yield of luml)er for each tree is from 
3,000 to 4,000 fei^t. 

The supply of standard spruce logs available by beach hand log- 
ging has now nearly been exhausted, so that the use of hemlock is 
increasing and mine operators are getting a stronger, l)etter timber. 



"For the notps on distribution and valuo of timber In southeastern Alaska the wrlten 
are indebted to Mr. W. A. Langille, forest supervisor at Ketchikan.^^Alaska. ^ 
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The red cedar, being iiear its northern limit of growth, is not of 
the best quality, and the hand loggers do not go far enough inland 
to obtain the best growth. It is therefore little used except for boat 
building. 

Yellow cedar of good quality occurs too far inland and at alti- 
tudes too high above sea level to be obtained by the present methods 
of logging. Trees of good size and fairly clear are found, yielding 
an excellent finish material susceptible of a high polish, but there 
is little demand for it in this region. 

VALUE OF TIMBER. 

The abundance of the timber supply of Washington and Oregon 
and its nearness to comparatively inexpensive means of transporta- 
tion precludes for some time the probability of considerable de- 
mand for the timber of this region. 

The present low price of lumber of the quality used in south- 
eastern Alaska renders competition between the two regions impos- 
sible except for local requirements. Logging operations are suc- 
cessful close to tide water, where the position of the timber permits 
easy transportation. The requirements necessarily imposed on tim- 
ber cutting within the reserves, by which only a certain percentage 
of the forest may be removed, the care necessary to avoid injury to 
the remaining trees, and the expense involved in disposing of tops 
and litter so increase the cost that logging on a large scale with 
the view of shipping from Alaska appears at present unprofitable. 

In southeastern Alaska as a whole the quantity of first-class timber 
is limited, though the region possesses many million feet of an in- 
ferior grade, suitable for rough material and pulp wood, which may 
some day be a considerable resource. 

GROWTH OF VEGETATION. 

The luxuriant growth of vegetation along the coast of southeastern 
Alaska may well be compared with that of a tropical region. This 
is caused by the moist and temperate climate and the long summer 
days at this high altitude. At elevations below 1,500 feet bushes, 
ferns, and tall grasses grow profusely, especially in the valleys and 
gulches. These form in places a dense and almost impassable under- 
growth and are a great hindrance to the prospector. Among the most 
common of these shrubs are the thorny devil's club, the salmon berry, 
the elderberry, the huckleberry, the high bush cranberry, various 
willows, the black alder, and the white alder, the latter forming 
thickets along the streams and mud flats. 
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THE NATIONAL FOREST. 

- The Government has wisely added several of the large islands, 
namely Prince of Wales, Kuiu, Kupreanof, Zarembo, and Chichagof 
islands of the Alexander Archipelago, to its national forest, thereby 
insuring intelligent use of the timber for the present and preservation 
and protection for future demands. Though the establishment of 
the new Alexander Archipelago National Forest appears to many in 
Alaska to have placed a restraint on the prospector and mine owner, 
yet the provisions of the law in regard to mining within the reserva- 
tion are liberal. The following extracts from the " Use Book " 
relate to the Alaskan national forests : 

Reg. 36. Trails on uational forest lands in Alaslsa may be constructed, ex- 
tended, or repaired without permit Wagon roads may be constructed, widened, 
extended, or reimired when needed, but permit must first be obtained from the 
supervisor. Permits will not give any right to the exclusive use, or to charge 
toll, or against future disposal of the land by the United States. 

Reg. 37. When a right of way or other special use is granted within a na- 
tional forest in Alaska, the supervisor may, without charge, allow the cutting 
of timber when this is necessary for the proper enjoyment of the special use. 

Reg. 38. Without permit, and free of charge, settlers, farmers, prospectors, 
fishermen, or similar i)ersons residing within or adjacent to national forests in 
Alaska are granted the privilege of taking green or dry timber from the forests, 
and driftwood, afloat or on the beaches, for their own personal use, but not for 
sale; provided ttiat the amount of material so taken sliall not in any one year 
exceed 20,000 feet board measure, or 25 cords of wood; and provided further, 
that the i)ersons enjoying this privilege will, on demand, forward to the super- 
visor a statement of the quality of the material so taken and a description of 
the section from which it was removed. 

It is also to be noted that timber cut from the national forest in 
Alaska may be exported from the district and sold in any market 
anywhere, upon certification by the supervisor that the timber has 
been purchased and cut from the national forest in Alaska. The 
exportation of timber from all areas in Alaska not included in the 
forest reserve is prohibited by law. 

GENERAIi GEOIiOGY OF SOirTHEAHTERN ATiASKA 

GENERAL STATEMENT. 

The geologic distribution of the rocks along the southeast coast 
of Alaska is on a broad scale, and in their strike they follow the 
general northwest trend of the mountain range. These rocks may 
Ix* divided into two main groups: (1) Stratified rocks, and (2) intru- 
sive rocks, both having about the same areal extent. 

The term " stratified rocks " has been used to include those formed 
(1) by sedimentation, such as shales, sandstones, conglomerates; (2) 
by precipitation and sedimentation, as limestones and cherts, and (3) 
by volcanic activity, as the lava and tuff beds. These beds occur 
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interstratified with one another and, except the more recently formed 
rocks, are generally intricately folded and usually show a high degree 
of metamorphism. In this altered state they are represented by 
black slates, crystalline schists, grajrwackes, crystalline limestones, 
quartzites, and chlorite and amphibole schists. 

The intrusive rocks are made up of a complex of coarse gi-anular 
rocks, mostly granitic in character. They form the great mass of 
the Coast Range bordering the mainland, and occupy wide areas in 
the central portions of many of the islands. Their mode of occur- 
rence is at many places directly related to the geologic structure, 
and their longitudinal axes and lines of contact are usually parallel 
with the strike of the bedded rocks. 

STRATIGRAPHIC SUCCESSION. 

The geologic succession of the stratified rocks in southeastern 
Alaska is complex, and includes rock formations representing nearly 
all the geologic periods from early Paleozoic to the present. Though 
the rocks have been mapped only in a broad way, the sequence of the 
formations has been sufficiently well established to permit grouping 
them according to age. The stratigraphic succession is presented in 
the table on pages 34, 35, and in this an attempt has been made to 
show not only the general order of rock deposition but the relations 
of the strata of the different periods, so far as known, and their 
structural characteristics. 

40840— BuU. 347—08 3 
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Many of the rocks grouped under the periods indicated in the 
stratigraphic column are synchronous with the formations repre- 
sented along the Alaskan coast farther west and with those along the 
mainland and islands of British Columbia to the south. Correlation 
based on paleontologic evidence may also be made with the fossil- 
bearing strata in the States of Washington, Oregon, and California 
and with the formations in other parts of Alaska and in Canada. 
These comparisons, however, have been reserved for a future report. 

ROCK FORMATIONS. 

Along this portion of the Alaskan coast the distribution of the rock 
formations is known in only a general way. The geologic observa- 
tions have necessarily been conJBned to the rock exposures along the 
coast of the mainland and islands, and the inland portions of many 
of the larger islands remain unexplored. The peculiar alignment 
along the mainland of the formations which are parallel to the Coast 
Range intrusives, and the many inland waterways which cut across 
these formations have greatly aided the general geologic reconnais- 
sance of this region. 

The dominant feature of the mainland, both structurally and petro- 
graphically, is the immense batholithic core of granite and diorite 
which occupies the central portion of the Coast Range throughout 
its length. The occurrence of this rock to the south in British Co- 
lumbia, where conditions similar to those that prevail along the 
Alaskan cohst are presented, has been discussed in detail by Greorge 
M. Dawson. Brooks, in his report on the Ketchikan mining district, 
also gives it careful consideration, and Spencer in his report on the 
Juneau gold belt describes the occurrence of this intrusive rock and 
its relations to the intruded strata and to the ore deposits." From 
Portland Canal north to Lynn Canal its western contact parallels 
the main coastwise channels. Just north of Berners Bay it crosses 
Lynn Canal, and its western contact extends north along the east side 
of Chilkat Valley. 

Bordering this intrusive core of the Coast Range is a band of 
closely folded crystalline schists composed largely of Carboniferous 
strata and in places having a width of several miles. In this prov- 
ince these rocks were termed the Ketchikan series by Brooks,^ and in 
the Juneau district the corresponding rocks are grouped together as 
the " Schist band " by Spencer.'* These crystalline schists have been 
traced from the southern boundary of Alaska to the head of the Chil- 
kat basin at the British Columbia boundary. The strata are essen- 



«The Coast Range Intruslves and thoir boarinjfs om the ore deposition are considered 
at length on pp. (U-Ol) of thl« report. 

* Brooks, A. II., Ketchikan mining district : Prof. Paper U. S. Geol. Survey No. 1 1902 
" Spencer, A. C, The Juneau gold belt : Bull. U. S. Geol. Survey No. 287, lf>06. 
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tially siliceous mica schists, feldspathic schists with intercalated 
amphibole and chlorite schists, and occasional beds of crystalline 
limestone containing Carboniferous fossils. Narrow outlying belts 
of the Coast Range intrusives invade these schists, and near the con- 
tacts with these as well as with the main mass the schists are cut by 
a network of pegmatite dikes and quartz veinlets. In places the 
alteration of the beds has been so intense as to produce gneiss, which 
near the intrusive contact has been thoroughly recrystallized and 
rendered massive, so that it is not everywhere possible to distinguish 
with certainty the line of contact between the intrusive and bedded 
rocks. 

To the southwest the beds become less schistose, and " black slates," 
intruded by altered dikes of andesitic and gabroic rocks, predomi- 
nate. The latter are more prominent along the mainland in the 
Juneau district than to the south. Intercalated beds of altered lavas 
and tuffs, usually called greenstones, gradually find place in the slate 
belt, and farther southwest great thicknesses of these greenstones 
occur. Such a belt of massive greenstone beds is well exposed at 
the following places: The shores of Tongass Narrows at Ketchikan, 
the west end of Cleveland Peninsula, Woewodski Island in Duncan 
Canal, Cape Fanshaw, Glass Peninsula, and the west side of Douglas 
Island. 

Beyond this belt toward the outer coast the geologic section and 
bed-rock structure across southeastern Alaska change with the lati- 
tude, and beds of one formation can not be traced for any great distance 
northwesterly as can the rocks along the mainland. This is largely 
due to the irregular batholithic intrusives which occupy the central 
portions of most of the islands and are similar in composition to the 
Coast Range granite. Since detailed descriptions of .the areal geol- 
ogy and sections across the Ketchikan and Wrangell districts follow, 
it is necessary to add here, for the purpose of comparison, only a 
short discussion of the rock occurrences on the northernmost islands 
of the archipelago. 

On Admiralty Island the underlying stratified rocks are broadly 
folded limestones and schists, mainly of early Carboniferous age. At 
both Pybus Bay and Herring Bay collections of upper Carboniferous 
fossils were made. At the entrance to Pybus Bay lower Cretaceous 
fossils were gathered from calcareous shales which overlie the Car- 
boniferous beds uncomformably. The basin of Kootznahoo Inlet 
is occupied by a considerable thickness of sandstones and conglom- 
erate beds containing coal seams with fossil plants of Eocene age. 
The basalt lava flows which cover the southern end of the island 
southeast of Pybus Bay represent the most recently formed rocks. 
Invading all of the stratified rocks of Paleozoic age are irregular 
granite masses occupying small areas. 
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The geology of the two seaward islands, Baranof and Chichagof, 
also presents many interesting features. The eentral portions of the 
islands are made up of granitic intrusives forming broad belts that 
strike across the islands in a northwesterly direction and invade all 
the bedded rocks except the recent lavas. The mineral deposits are 
located near the contacts with these granite masses. The oldest rocks 
are strata of banded quartzite resembling graywacke and chert in 
places. These beds are exposed for several miles along the north 
shore of Chichagof Island between Idaho Inlet and Frederick Sound, 
where they form a large anticline striking northwest. To the west 
they are invaded by a wide belt of granite, which has altered them to 
a compact biotite schist. Along the northeast shore from Frederick 
Sound to Point Augusta they again form the shore outcrops. Though 
the thickness of this formation could not be determined, it probably 
represents many thousands of feet of sedimentation. Overlying the 
quartzites are cherty limestones in which middle Devonian fosjsils 
were found in Frederick Sound and on the south side of Freshwater 
Bay. 

The upper Devonian formation is represented by melaphyre lava 
flows and tufaceous beds; fossils were collected from the latter along 
the west shore of Frederick Sound. These beds extend southeasterly 
into Freshwater Bay. Limestone of considerable thickness overlies 
the melaphyres and is exposed in Frederick Sound and along the 
northeast shore of Freshwater Bay. At these places large collections 
of lower Carboniferous fossils were obtained. West of the granitic 
core on the seaward shores of both Chichagof and Baranof islands 
is a series of crystalline schists and limestones, overlain by a belt of 
slates and greenstones of upper Carboniferous age. The latter in 
turn are overlain unconformably by a wide belt of considerably meta- 
morphosed graywackes and conglomerates, which are prominent in 
the vicinity of Sitka and Point Edward. A remarkable analogy 
exists between this section and the cross section of the mainland belt 
in the vicinity of Juneau. The most recent rock formations on the 
seaward islands are the postglacial basaltic lava flows on Kruzof 

Island. 

STRUCTURE. 

The structural characteristics of the stratified rocks of the diflFerent 
geologic horizons in southeastern Alaska are noted in the table on 
page 34 and in the geologic section accompanying each geologic map. 
However, a formation may be intricately folded and highly meta- 
morphosed at one locality, but at another it may be characterized 
by broad folds and a much less amount of metamorphism, so that 
in such a table it is possible to present only the more typical struc- 
tural features. A brief consideration of these structural phenomena 
and their relations to the geologic history is therefore necessary. 
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By a consideration of the entire coastal province of southeastern 
Alaska, several important features which throw light on the dynamic 
history of the region are brought out. In the Ketchikan and Wran- 
gell districts alone these features are not so clearly marked. Prior 
to the development of the main northwest-trending structural lines, 
which at present dominate this coastal province and are most pro- 
nounced adjacent to the wide areas of intrusive rocks, the prevalent 
structure was made up of northeasterly trending folds. These folds 
still form a minor system prominent on Chichagof, Admiralty, and 
Prince of Wales Island. The later and more intense folding of the 
beds on a broader scale, which forms the major system and trends 
northwesterly, has in general obliterated this minor system. But the 
evidence of the two systems is clearW presented on the north shore of 
Chichagof Island, where the minor system of small folds is the domi- 
nant structure at those places which are distant from the northwest- 
trending intrusive belts and which are not greatly disturbed and meta- 
morphosed. Nearer the intrusive belts the larger system gradually 
prevails, and the minor folds as a whole are combined in the broader 
anticlines and synclines of the major northwest-trending folds. Com- 
plex minor folding and fracturing is thus produced in the beds. The 
fact that beds of upper Carboniferous age have this northeasterly fold- 
ing indicates that this was the dominant bed-rock structure at the 
close of the Paleozoic era. Whether the younger system of folding 
was produced just previous to the intrusion of the Coast Range gran- 
ite, or at the time of its invasion, has not been definitely established, 
though, as suggested by Spencer,^ it was probably before the invasion 
of these igneous rocks, as the planes of contact, with few exceptions, 
follow the planes of bedding, and to present this structure the strata 
must have been highly tilted and must have occupied a position similar 
to that which they now have. Along the mainland, across a width of 
from 5 to 10 miles, the uniformity of the strike and dip of the strati- 
fied rocks adjacent to the Coast Range granite indicates a monoclinal 
structure. Such interpretation, however, would necessitate a still 
jsrreater thickness of the rock beds at the time of their deposition, as 
in their present condition they are greatly compressed and metamor- 
phosed. From the evidence of broad folding of the beds, believed to 
be the same, which are exposed along the west shore of Admiralty 
Island, it is reasonable to assume that this rock belt has the structure 
of a closely folded and compressed synclinorium, and that the tops of 
the anticlines were subsequently removed, leaving little or no definite 
proof of their existence. 

After this great period of mountain building, which is believed to 
have occurred about the close of Paleozoic or in early Mesozoic time, 
further important orogenic movements of the earth's crust took place 

' Spencer, A. C. The Juneau gold belt ; Bull. V. S. Ueol. Survey Xo. 287, umo, p. 14. 
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and are clearly shown in the Mesozoic beds on Admiralty and Princo 
of Wales islands. The Aucellu beds on Admiralty Island are steeply 
tilted and faulted and to some extent metamorphosed, but they do 
not show close folding or uniformity in direction of strike. On 
Prince of Wales Island beds, probably of Mesozoic age, though non- 
f ossiliferous, overlie the granite intrusives ; at certain localities they 
have assumed a steeply tilted position with northwesterly strike and 
are considerably metamorphosed, while at other places they are only 
slightly folded and show no persistent direction of strike or dip and 
but little metamorphism. The forces producing this later structure 
affected the older Paleozoic strata largely by faulting, fissurmg, and 
tilting, and not by intense folding. The structural characteristics in 
the Tertiary (Eocene) beds and those of late Cretaceous age indicate 
tilting and faulting and there is little or no evidence of folding or 
metamorphic action. The effects appear to be confined largely to the 
basins or local areas occupied by these rocks, and in the older beds 
faults and fissures were probably produced along which the basaltic 
lavas subsequently found egress. 

In addition to the preceding description of the different periods of 
dynamic revolution, the structurally significant faulting which 
accompanied these orogenic movements deserves special considera- 
tion. Evidence of these faults, however, is shown largely by the local 
discontinuity of the strata, as surface indications have been removed 
by erosion. Moreover, those faults, possibly numerous, which are 
parallel to the bedding, are difficult to decipher, because of the ex- 
treme metamorphism of most of the rocks. Only the structurally 
important faults which show large displacement and the minor faults 
or slipping planes in the ore bodies and in shore exposures were 
noted. 

The largest and most important fault plane in southeastern 
Alaska, which is suggested both geologically and topographically, 
extends from the head of Lynn Canal in a S. 10° E. direction 200 
miles or more through Chatham Strait into the Pacific Ocean. The 
displacement at its southern end is evidently greater than at the 
head of Lynn Canal, where the main fault appears to diverge into 
two or more directions indicated by Taiya Inlet, Ferebee River, and 
possibly Chilkoot Inlet and River. The displacement and the direc- 
tion of throw of this fault are not clearly defined, though the former 
probably amounts to many miles. 

Detailed work in this province will doubtless reveal many other 
faults that are structurally important. Minor faults and slipping 
planes noted in the ore bodies, sti'atigraphically of little significance, 
though economically of great importance, are discussed in the de- 
tailed descriptions of the ore bodies. 
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MINERAL DEPOSITS. 

Metallic mineralization in southeastern Alaska is confined to cer- 
tain rock formations, and in these the mineral deposits occur to some 
extent along certain zones which have been more or less satisfactorily 
determined. Because of the rough topography and the dense growth 
of forest and underbrush, investigations of such belts have neces- 
sarily been limited to the vicinity of salt water, where the rock forma- 
tions and mineral belts are clearly exposed. 

The direct relation of mineralization, or the occurrence of ore, to 
the rock structure and to the intrusive rocks is at many places very 
evident. Most of the ore bodies are found near or, more rarely, in 
the larger intrusive masses, and especially in those places where the 
general rock structure trends northwesterly. In a broad way, the 
mineral deposits are coextensive with the areas of granitic intrusives 
and occur in the adjacent metamorphic rocks affected by such in- 
trusives. 

The most extensive and productive area is the Juneau gold belt,** 
which has been irregularly traced along the mainland from Windham 
Bay to a point 10 miles north of Berners Bay, where it enters Lynn 
Canal. Its total length is 120 miles and its width less than 10 miles. 
In this zone gold is the dominant metal present and occurs iit varying 
amounts disseminated with sulphide minerals in bands of schistose 
rock 10 to 60 feet wide, in altered diorite dikes, where it is associated 
with stringers of quartz, and in quartz veins, 1 to 10 feet wide, cutting 
either the intrusive or schistose country rock. The ore bodies within 
this zone are discussed at length by A. C. Spencer in his report on the 
Juneau gold belt. 

In the Wrangell district the concentration of metallic minerals 
along definite zones has apparently not taken place, though a number 
of mineral prospects have been found, namely, in Thomas and Le 
Conte bays, along Bradfield Canal, and in Groundhog and Glacier 
basins. At the last two localities silver and lead ores, occurring in 
quartz veins inclosed in the crystalline schists, are prominent, while 
at the others gold is the dominant metal present. Within the main- 
land belt of the Ketchikan district, which includes Revillagigedo 
Island, quartz veins and mineralized schist bands are found locally, 
but they are too widely separated to permit the definition of a min- 
eral zone like that in the Juneau district. The slates and green- 
stones contain the largest percentage of metallic minerals, and in them 
deposits have been developed on Gravina Island, along the west shore 
of Revillagigedo Island, and on Cleveland Peninsula. In the slates 
and schists nearer the Coast Range intrusives, vein deposits have been 
found at the head of Thome Arm and in George Inlet. 

•BuU. U. S. Geol. Survey No. 287, 1906. 
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On the larger islands of southeastern Alaska the regularity of the 
rock structure and the continuity of the formations is locally inter- 
rupted by intrusive areas of granitic rocks and wide channels sepa- 
rating the islands. For this reason it is not possible to trace for any 
great distance mineral zones comparable with those along the main- 
land. The occurrence of the deposits on each island differs somewhat, 
and the islands are described separately in this paper. In general, the 
ore bodies appear to be closely connected with the intrusive rock 
masses, many of them lying at or near the contacts of the intrusives. 

On Admiralty Island the areas of intrusive rocks, so far as known, 
are small, and the occurrence of valuable mineral deposits relatively 
rare. A poorly defined mineral zone starts at a point just north of 
Windfall Harbor on the west side of Seymour Canal and is traceable 
northwestward to Funter Bay. It is about 30 miles long and 2 miles 
wide and includes several prospects but no producing mines. Other 
prospects are located on the west coast of the island a few miles north 
of Kootznahoo Inlet. 

On the two seaward islands, Baranof and Chichagof, which con- 
stitute the Sitka mining district, a poorly defined mineral zone occurs 
in the metamorphic schists flanking the west side of the intrusive 
belt, starting at Red Bluff Bay, on the east side of Baranof Island, 
and extending northwestward, including the prospects at the head of 
Silver Bay and in the vicinity of Cape Edward, north of which it 
enters the ocean. Auriferous vein deposits are the principal type of 
ore body in this mineral zone. Another zone of mineral-bearing 
schists was noted along the eastern side of this intrusive belt extend- 
ing from Hooniah Sound to Lisianski Straits and northwestward on 
the mainland from Cape Spencer to Lituya Bay, where it flanks the 
St. Elias Range. Only a few prospects in the vicinity of Rodman 
Bay and at the head of Hooniah Sound have thus far been located in 
this mineral zone. 

On Kupreanof Island scattered indications of a widespread min- 
eral-bearing zone extend from the head of Portage Bay down the 
east side of Duncan Canal and include prospects along the west shore 
of Wrangell Narrows. The ore bodies thus far opened carry small 
values in both copper and gold. No deposits of ore have yet been 
discovered on Kuiu Island. 

The distribution of mineral deposits on Prince of Wales Island, 
like that on the other islands, is dependent upon the intrusive areas. 
Here the direct relations of the ore bodies to the intrisive rocks are 
more evident because they occur in many places along the contacts of 
the intrusive and intruded rocks. Copper is the dominant metal in 
many of the deposits. It is present within the contact aureoles of 
4he intrusive masses, as on Kasaan Peninsuk rnd in the vicinity of 
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Hetta Inlet, and occurs as lenticular masses or veins along shear zones 
in a greenstone schist country rock, as at Niblack and Copper City. 
Gold accompanies the copper deposits as an accessory constituent and 
is found in vein deposits inclosed in limestones at Dolomi and in 
black slates or phyllites in the vicinity of IloUis. 

GEOIiOGY OF THE KETCHIKAX AND WKAKGEIili MINING 

DISTRICTS. 

GEOLOGIC MAPS. 

Three geologic maps accompany this report (Pis. I, II, and III, 
in pocket) ; the first is a general geologic map on a scale of 10 miles 
to 1 inch and includes both the Ketchikan and Wrangell mining 
districts; the other two are of larger scale and show in gi-eater de- 
tail the geology' along the mainland portion of each district and 
the topography of this portion so far as it has been mapped. The 
general geologic map has been introduced to show the distribution 
of the two large rock types, the sedimentary and the igneous. 

The sedimentary rocks, which are important to the geologist in 
deciphering the geologic history of a region, are subdivided into 
three groups separated by their differences in age. The oldest 
group — the Paleozoic strata — embraces a number of unconformable 
series which are much folded and in places highly metamor- 
phosed. They are known to range in age from Silurian to upper 
Carboniferous and to have their most extensive development during 
the Carboniferous. A number of different formations belonging 
to this era have been recognized and distinguished one from the 
other at various localities, but, as their continuity and their lines of 
separation are only partially known, a differentiation of them has not 
been made on the map. The localities at which fossil evidence has 
been found are shown on the map by letters indicating the strati- 
graphic horizon represented. In the following pages these fossil 
localities are described and the known stratigraphic succession of 
the Paleozoic rocks is discussed. 

The sediments of the Mesozoic era are represented only locally by 
interst ratified slate, graywacke, and conglomerate beds of consider- 
able thickness. These strata are often metamorphosed, indurated, 
and considerably folded, and in most places contain no fossils. Their 
classification is therefore based largely on structural and petro- 
graphic evidence. These rocks have been mapped as a unit but are 
considered at length in the following descriptions. 

The Tertiary sediments are made up of shale, sandstone, and con- 
glomerate occupying small areas which in places are coal-bearing. 
The unmetamorphosed and loosely consolidated state of these beds, 
the presence in them of numerous fossil plants, and the lack of in- 
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tense folding are their principal characteristics. Paleontologic evi- 
dence shows these beds to be essentially of Eocene age, but at one 
point fossil plants of late Cretaceous age were identified. 

The igneous rocks represented on the map fall mto two classes, 
the intrusives and the extrusives, the latter being subdivided accord- 
ing to their composition and the period of extrusion. The areas of 
the intrusive rocks of this province are especially noteworthy be- 
cause of their direct bearing on the occurrence of ore deposits. 
Their relations and the characteristics of the extrusive rocks are dis- 
cussed in the following pages. 

The two maps of larger scale, showing the eastern portions of the 
'Ketchikan and Wrangell districts, have been introduced to show in 
greater detail the geology of the mainland belt and the topographic 
relief. These two maps and the map of the adjoining Juneau gold 
belt « to the north form a continuous geologic and topographic sheet 
from Portland Canal to the head of Lynn Canal. All the sedimen- 
tary rocks indicated on the Juneau map are of Paleozoic age and oc- 
cur in broad bands that have a general northwesterly trend and are 
traceable for nearly the entire length of the mainland belt. 

Adjacent to the Coast Range intrusives and in places occupying 
small narrow areas within the intrusive belt is a succession of crys- 
talline schists and limestone from 5 to 15 miles in width, composed 
largely of Carboniferous rocks. These in the Ketchikan district have 
been described as the " Ketchikan series," by Brooks,^ who also refers 
them to the Carboniferous. Spencer^ describes those to the north- 
west in the Juneau district as the " Schist band." To the south- 
west, across the trend, these rocks become less crystalline and this 
is indicated on the geologic map by the fewer dashes. Still farther 
southwestward black slate and argillites gradually dominate, and 
to the northwest they have been mapped as the " Slate belt " by 
Spencer. These slates bordering the coastwise channels are inter- 
stratified with volcanic tuffs and lava flows, which in turn dominate 
in amount over the sedimentary material and form the band mapped 
as greenstones. In the Juneau district the same succession of igneous 
and sedimentary rocks is present, and is described by Spencer as the 
" Slate-greenstone band." On the adjacent islands the areas mapped 
as " Undifferentiated Paleozoics " include slates, schists, limestones, 
and some conglomerates, which are either Carboniferous or Devonian 
in age. The fossil localities are indicated, as on the smaller scale 
map, by letters representing their stratigraphic horizon. The strata 
of crystalline limestone, mainly Carboniferous, which are important 
both stratigraphically and economically have been indicated sepa- 

« Bull. IT. S. Geol. Surrey No. 287. 1906, PI. XXXVII. 

* Brooks, A. II., Ketchikan mining district : Prof. Paper tl. S. Geol. Surrey Na 1» 1902, 
p. 42. 

^ Sponc*»r, A. ('., The Juneau gold belt : Bull. U. P. (leol. Survey No. 287. 1906„p. Itt. 
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rately. The directions of both strike and dip of the structurally 
important rock beds are indicated, and the positions of the mines 
and prospects are shown. 

Geologic sections transverse to the general direction of strike have 
been made for each of the three maps, and in them the known struc- 
tural features are represented and are supplemented by more or less 
hypothetical dotted lines. The geologic maps and cross sections will 
be referred to in the following geologic descriptions, and the descrip^ 
tionsMAould be considered together with the maps. 

SEDIMENTARY ROCKS. 
GENERAL STATEMENT. 

The general sequence of geologic formations in southeastern Alaska 
as a whole is presented in tabular form on pages 34, 35. This table 
applies to the Ketchikan and Wrangell districts, though in these 
districts all the formations noted have not been recognized. The 
distribution of the large subdivisions is shown on the geologic maps, 
and their relations are indicated to some extent in the geologic cross 
sections. Though the present geologic data of this province do not 
give a complete record of the different periods of rock deposition, 
the general succession has been fairly well established by structural 
and paleontologic evidence, and is discussed in the following pages 
in some detail. 

Of the earliest rock formations little or nothing is known, and it 
is doubtful whether pre- Paleozoic strata are present in this province. 
The crystalline schists and gneissoid rocks, which form' a wide band 
adjacent to the Coast Range and resemble the ancient metamorphic 
elastics of other regions, have been determined by paleontologic evi- 
dence « to be mostly of late Paleozoic age, and their present crystal- 
line condition is attributed to metamorphism caused by the Coast 
Range intrusives. 

PALEOZOIC STRATA. 
SILURIAN. 

The sedimentary record begins with the Silurian, which is repre- 
sented by fossiliferous limestone strata. These overlie with apparent 
conformity a banded quartzite of great thickness, and the limestone 
and quartzite together form a belt, exposed at irregular intervals on 
the west coast of Prince of Wales and Kuiu islands, which extends 
northward and is again represented on Chichagof Island in Glacier 
Bay. Under the name " Wales series " Brooks ^ included these older 
rock terranes. The banded quartzites are usually extremely fine 

■ See paleontologic determinations, p. 39. 
•Op. clt. p. 41. 
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grained or aphanitic, indurated, clastic rocks, gray to green in color, 
very brittle, and with no cleavage. They include both sedimentary 
strata and indurated beds of tuff ii^termixed with sedimentary mate- 
rial. Weathering usually produces a brown surface by the oxidation 
of pyrite and other ferruginous particles. 

The Silurian limestones are best developed on the north side of 
Kuiu Island between Saginaw and Security bays. From the south 
side of Saginaw Bay a wide belt of cherty nonfossiliferous limestone 
strikes parallel to the shore with a northeasterly to vertical dip. 
This formation continues to a point one-half mile west of the en- 
trance to the bay. At this point in the lower portion of the limestone 
belt fossiliferous beds were found by E. M. Kindle, who reports as 
follows : 

Fauna of the Mcadc Point Hmestone, — FossUs were found at but one locaHty 
in this limestone. They occur Just east of the third cove northeast of Meade 
Point on the thlixi point west of Saginaw Bay. The fauna contains a small 
number of species, but one of these, Conchidium knighti. Is represented by very 
many shells in one thin bed of limestone. The fauna Includes the following 
forms : 

Diphyphyllum ? sp. Holoi)ea cf. servus Barr. 

Conchidium knight! (Sow.). Murchlsonlo sp. 

Whitfieldella sp. 

Conchidium knighti is one of the most characteristic fossils of the Aymestry 
limestone of the Ludlow group of England. It is known also from RuFsia and 
Bohemia. There api>ear to be no authentic records of its occurrence In the 
Silurian faunas of the Tnlted States. The fauna indicates a horizon of the 
upper part of the Silurian, but somewhat earlier than the Silurian fauna at 
Freshwater Bay or Chichagof Island. 

Southwest of these fossiliferous limestones, on the opposite side of 
a small cove, banded quartzite beds underlie the limestones with 
apparent conformity and continue southwest with northwesterly 
strike and northeasterly dip, forming the bed rock of Security Bay. 
From Security Bay southward the quartzites are exposed along the 
entire western shore of Kuiu Island, a distance of nearly 50 miles, 
and are interrupted only locally at Washington Harbor and at the 
head of Pillar Bay by granitic intrusions. Along this entire coast 
no observations indicated that there was a duplication of these beds, 
but it is probable that duplication exists. The total thickness of the 
beds cannot, therefore, be estimated, though it must amount to many 
thousands of feet. 

DEVONIAN. 

At the base of the Devonian are conglomerates of considerable 
thickness, which contain pebbles and cobbles derived from the older 
Silurian beds. This fact suggests an unconformity between the 
Silurian and Devonian strata, though neither in the Ketchikan nor 
in the Wrangell districts were these two formations observed in con- 
tact with each other. 
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Along the northwest shore of Prince of Wales Island and on the 
.smaller islands adjacent to Davidson Inlet limestone of considerable 
thickness at many points overlies these conglomerate beds, and 
together they represent the lowest horizon of the Devonian. These 
conglomerates consist essentially of cobbles of banded quartzite with 
some limestone and schist fragments. Toward the limestone beds 
they grade into sandstone and sfaty limestone. They are con- 
formably overlain by the limestone strata. Narrow beds of the 
sandstone also occur interstratified with the limestone beds. The 
limestones are semicrystalline and gray to blue in color, and not 
many of the fossil remains in them are preserved. At several points, 
however, imperfect fossil remains were gathered; the largest collec- 
tion was obtained on the east shore of Heceta Island from beds 
directly overlying the conglomerates. Kindle reports as follows 
on this collection: 

Cliff on east side of Heceta Island. — The fauna from this locality includes 
Stropheodonta cf. comitans Barr., Gypidula cf. opatus, Atrypa reticularis, 
Pentamerus cf. procerulus, Atrypa cf. aspera, and several undetermined 
species. 

The horizon is apparently lower Devonian. A fragmentary shell which 
5660)8 to represent a finely plicated Conchidium Indicates a horizon not later 
than early Devonian. 

The total thickness of the conglomerate beds is estimated at 1,200 
feet and that of the overlying limestone strata at 1,800 feet. At this 
locality the rock beds are broadly folded and considerably meta- 
morphosed. 

A somewhat higher horizon of the Devonian is represented by the 
fauna contained in the limestone beds on Long Island, in Kasaan 
Bay, on the east side of Prince of Wales Island. At this locality 
both lower and middle Devonian fauna have been recognized, though 
the limestone strata containing them are apparently conformable. 
The first fossils from this locality were gathered by Brooks'* in 1901, 
and were determined as middle Devonian by Prof. Charles Schuchert. 
In 1905, E. M. Kindle made a more complete collection at this local- 
ity and submits the following report : 

Blue limestones form much of the surface outcrops on a group of small, low 
islands near the middle of Kasaan Bay, of which Long Island is the largest. 
On Round Island the limestones are not greatly metamorphosed, but have occu- 
pied a zone of vigorous deformatloual activity. The island affords an uninter- 
rupted outcrop of the limestones entirely around its shore line. These outcrops 
are of particular interest as illustrating in a small area the complex character 
of the deformation in this region. The beds are everywhere Inclined at a high 
angle, usually about 90**. On the north and east sides of the Island the strike 
i« within a few degrees of due north. From nearly due north the strilce swings 
around abruptly to N. 80" E. on the west side of the island. The exposures on 
the west side show the sharp elbow which the nearly vertical strata make in 

• Op. clt., p. 43. 
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changing from a northerly to an easterly strike. The limestone on Kound Island 
is shown by its fossils to be of the same age as the upper beds on Long Island, 
which lie a few hundred yards southeast 

On Long Island, which has a length of about 2 miles and an average width 
of less than one-half mile, the limestones show a less degree of deformation than 
those of Round Island. The flexures have comparatively gentle dips, amounting 
in parts of the southeastern portion of the Island to only 5"* or 10**. In the west- 
ern part of the island, however, the dip rises to 90". The strilse, as on Round 
Island, varies greatly. 

A section along the south side of Long Island from the east end to Salt Pond 
shows the following series of beds: 

Section 12, Long Island, 

Feet. 

c Hard, darlt-gray limestone, slightly darker than the i)receding 270 

6. Hard, blue, flue-grained limestone, fracturing easily in any direction 2UU 

a. Buff or cream-colored feldsimthic sandstone underlying the limestones 90 

5(50 
The two divisions of the limestone series are conformable, and the upper and 

lower iHjrtions are very similar in lithologic character. Analyses of the upper 

and lower iK)rtions of the limestone series show them to be very similar in 

chemical comimsition, one carrying 96.11 per cent, the other 97.50 per cent of 

lime. 
Aside from the faunal differences, which are quite marked, there are no very 

evident reasons for making two divisions of the limestones. 
Fauna. — ^The character of the fauna in the lower section (b) of the limestone 

series Is indicated by the following list: 

Stictopora sp. Murchisonia sp. 2. 

Cladoi)ora sp. Planitrochus cf. amicus. 

Spirifer cf. sulcatus, Hisinger. Loxonema sp. 

Sanguinolites sp. Holopella sp. 

Cardiola sp. Trochonema si). 

Hercynella nobilis, Barr. Euomphalopteris V sp. 

Hercynella behemica, Barr. Operculum. 

Holopea sp. Beyrlchia ? sp. 

Murchisonia angulata Phillips. I^perditia sp. 

Murchisonia sp. 1. Orthoceras sp. 

The occurrence of the genus Hercynella in this fauna is of considerable inter- 
est, since it has not been found heretofore in America. H. hohemica occurs in 
the lower Devonian of the I'ral mountains. Both //. hohemica and H, nobilis 
are present in ^tage F of Barrand's Bohemian section. Their presence in the 
fauna at Long Island indicates that the latter is much more closely related to 
the Euroi)ean and Asiatic than to the American faunas outside of Alaska. 
This lower fauna at Long Island represents the lowest Devonian horizon which 
has been found in Alaska. 

In the up|)er iK)rtion of the higher limestone (c) the following fauna are 
found : 

Favosites cf. radiciformis Rom. (^alceola cf. sandalina. 

Cyathophyllum sp. Syringoi)ora sp. 

Orthophyllum ? sp. Lingula cf, hohemica. 

Zaphrentis sp. Atrypa reticularis Linn. 
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Atrypa hystrix Hall. 

Gypidnla opatns (Barr). 

Gypidala cf. intervenicus (Barr). 

Meristella cf. barrisi Barr. 

Stropbeodonta stepbaui (Barr). 

Spirifer sp. 

Spirlfer hiaas Bicb. ? 

Spirifer tbetidis Barr. 

Spirifer Subcoiuprimatus Tsch. 

Spirifer sp. 

Spirifer iudefereus Barr. 

Spirifer sp. 

Retlcularia V sp. 

Rbyncbonella cf. auiaitbea Barr. 

Rbyncbonella livonica Bucb. 

Pugnax sp. 

Dalmanella occlusa Barr. 

Sebizopbora luacfarlani Meek. ? 

Scbizopbora strlatula Scblotb. 

Streptorhyucbus sp. 

Stropbeodonta comitaus Barr. 

CTamarotoecbla V sp. 

Cypricardinia V sp. 

Coucardium cf. bebemicum Barr. 

Concardium sp. 



Luciuia cf. proavia Goldf. 

Leptodesnia sp. 

Mytilarca sp. 

Nuculites sp. 

Telinopsis sp. 

Holopella ? sp. 

Loxoneuia ? sp. 

Murcbisonia sp. 2. 

Murcbisouia sp. 1. 

Naticopsis sp. 

Oriostoma sp. 

Oriostoma princeps var. Oeblert. 

Kuompbalus cf. pianorbis D'Arcb and 

Vem. 
Tremanotus cf. fort Is Barr. 
Tentaculites sp. 
Ow'eras sp. 
Gompboceras V sp. 
Ortboceras sp. 
Cytberella ? sp. 
Eutonils iielagica Barr. 
Lepterditia sp. 
Cypbaspis sp. 
Proetus sp. 
I*roetus cf. roniauooslii Tscb. 



In place of tbe gasteropoda wblcb are tbe dominant fonns in the lower 
horizon tbe bracbiopods are tbe predominant group of this fauna. Tbe Her- 
cyDellas, wbicb are abundant at five borizous in tbe lower bedSj appear to be 
entirely absent. The upper fauna, however, agrees with the lower in its 
foreign affiliations. In it occurs the peculiar coral, Calccola, very common in 
the middle Devonian of Europe. Several specimens among the bracbiopods 
are either identical with or have their nearest analogy in Euro|)ean species. 
The fauna represents a middle Devonian or late lower Devonian horizon. 

Tbe lowest 40 feet of division c of tbe Ix)ng Island section furnished a fauna 
differing but slightly from that of the upper j>art. Tbe following list indicates 
its character : 



Cladopora? 
C^atbopbyllum sp. 
CaDiarotoechia sp. 
Meristella cf. Ceres Barr. 
Spirifer sp. 

Spirifer cf. tbetidis Barr. 
Spirifer cf. cheiropteryx. 
Stropbeodonta comitans Barr. 
Ortbonota sp. 



Schizodus sp. 

Conocardium cf. bebemicum Barr. 

Euonipbalus pianorbis d'Arcb 

Vern. 
Oriostoma princeps var. Oehlert. 
Tfiitaoulites. 
(Yrtoceras sp. 
Ortboceras sp. 
Proetus cf. romanmiski Tsch. 



and 



The stratigraphic relations of Long Island limestones to the geo- 
logical horizons represented on the adjacent shore of Kasaan Bay can 
not be definitely determined because of their topographic isolation. 

The middle Devonian horizon again occurs about 20 miles south 
of Long Island, at the head of Clover Bay, where a small area of 
schistose argillites and black limestone is found almost completely 
40840— Bull. 347—08 i 
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surrounded by an intrusive diorite mass. These beds are highly 
tilted and have a general east-west strike. Fossils gathered from this 
locality were determined by E. M. Kindle, as follows: 

No. 42/.— Southwest side of Clover Bay, east coast of Prince of Wales Islaud. 
The fossils, which are badly distorted, include the following sijeeies; 

Favosites cf. hemisphericus. 
Schizophorla cf. stria tula. 
Stroptieodonta i)erplana. 
Chonetes cf. mucronatus. 



CamarotoH^hia cf. billlugsi. 
Pentamerella ? sp. 
Atrypa reticularis. 
Schizodus sp. 



The age is Devonian. The faunal evidence, though not conclusive, suggests 
that the horizon is probably middle Devonian. 

This occurrence shows that argillites as well as limestones were 
deposited during middle Devonian time, but no stratigraphic rela- 
tions could be determined because they are surrounded by the intru- 
sive mass. 

At Vallenar Bay, on the north end of Gravina Island, beds of shaly 
limestone, argillaceous schist, and schistose conglomerate containing 
middle Devonian fauna occupy the structural crest of an anticline. 
These beds underlie the slates and greepstones which border both the 
east and west shore of the island. Fossils were first found at this 
locality by Brooks in 1901, and were determined by Charles Schu- 
chert to l>e Devonian. In 1905 a collection was made at this locality 
by E. M. Kindle, and in 1906 more material was gathered by the 
writers. Kindle reports as follows: 

One mile west of Vallenar Bay, Gravina Island, — The material from this 
locality, while generally hisuflicient for si)eciflc determination, is much better 
than that obtained last year (1905) and leaves no doubt as to the Devonian 
age of the beds west of Vallenar Bay. Several specimens of Atrypa reticularis 
are present. This si)ecies fixes the horizon as not later than Carboniferous, 
while the association of Chonetes cf. manitobensis, Spirifer sp., Proetus sp., 
and Cyclonema sp. indicate a horizon of Devonian age, probably middle De- 
vonian. 

The Devonian beds at this locality and those on Long Island are 
included under the name '* Vallenar >series " by Brooks « and are de- 
scribed in his report on the Ketchikan district. 

Limestone beds containing an upper Devonian fauna, and over- 
lying with apparent conformity banded argillaceous beds similar to 
those of middle Devonian age exposed at Clover Bay, occur in a small 
cove 6 miles south of Klawak on the west coast of Prince of Walesi 
Island. 

Kindle reports as follows on a collection made at the above locality: 

Vo. 85^, — Point 6 miles south of Klawak, west coast of Prince of Wales 
Island. 



« Brooks, A. II., Ketchikan mining district : Prof. Paper V. S. Geol. Survey No. 1, 1902, 
p. 42. 
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Fauua comprises: 
Zapbrentis sp. Productella hallana. 

Cyathophylluuj cf. Keuiculum. Splrifer cf. auossofi Vemeuil. 

Cladopora cf. rcemeri. 

The Productella hallana and i<pinfrr cf. anonsofi Verii., are represented by 
a number of specimens and seem to be the most abundant fossils at the 
locality. 8, anossofi is a representative of the I'ral Mountain fauna, and is 
closely related to 8. hungerfordi of the Iowa Devonian. Productella hallana 
is a common species In the western American Devonian and is also found in 
the Ural Mountains. The horizon represented by this fauna is upper Devonian. 

Three miles northwest of the above locality, on a point opposite 
Fish Egg Island in Klawak Inlet, the same horizon is again repre- 
sented. The limestone beds strike northerly with steep dip to the 
northeast, and are underlain as at the above locality by banded sili- 
ceous slates. The duplication at these localities is apparently due to 
folding, though the folds were not clearly defined. 

Kindle makes the following report upon the fossils collected at 
this locality : 

Point north of Fish Egg Island, Klawak Inlet, near Prince of Wales Island. — 
A small collection from thi^ locality is comiK)8ed mainly of corals and small 
oetracods. It includes Stromatopora sp., Cyathophyllum sp., Striatopora sp., 
aud Cyrtina n. sp. This assemblage indicates a horizon of probably late Devo- 
nian age. The Cyrtina, with finely striated fold and sinus, suggests a horizon 
not earlier than upper Devonian. 

South of these two localities of upper Devonian fauna, on the east 
side of San Juan Bautista Island, the same horizon is again repre- 
sented. The limestone beds at this point strike northwesterly with a 
flat dip to the southwest, and a wide belt of granite invades them and 
occupies the central part of the island (PI. I). 

Kindle submits the following report on the fossils gathered at this 
pomt: 

i^oulhtcest end of San Juan Bautista Island, — The presence of Splrifer dis- 
jvnctus and Productella cf. lachrymosa in the fauna from this locality indicates 
a horizon of upi)er Devonian age. There are also present Cyathophyllum sp., 
ithyris cf. angelica, Atrypa reticularis, and oMier si>ecies. 

The limestones at the latter localities represent the uppermost 
horizon of the I>evonian recognized in this province. To the north, 
however, on Chichagof Island the upper Devonian is terminated by 
a considerable thickness of submarine melaphyre lava flows and tutfs 
interstratified with and overlying upper Devonian limestone beds. 
Fossils were also present in the tuff beds, thus defining the age of 
these extriisives. These melaphyre lavas, however, were not observed 
in the Ketchikan or Wrangell districts. 

The distinctions between the three divisions of the Devonian, the 
upper, middle, and lower, in most places are not clearly defined pale- 
ontologically, and at no locality was a complete section of these 
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horizons obtained. It was therefore, necessary to group the Devo- 
nian under two divisions in the stratigraphic table (p. 35), namely, 
upper to middle Devonian and middle to lower Devonian. 

CABBONIFEBOlfs. 

The stratigraphic relations between the early Carboniferous and 
the late Devonian formations are not definitely known, and in no 
place were the formations observed together. On Chichagof Island, 
north of this province, lower Carboniferous limestones overlie the 
upper Devonian volcanic beds with apparent conformity, though 
this relation was but poorly defined. The same horizon of the 
lower Carboniferous is represented by fossil-bearing limestones on 
an islet at the entrance to Soda Springs Bay, on the west coast of 
Prince of Wales Island. The limestone beds strike northerly and 
are steeply tilted toward the east; they overlie with apparent un- 
conformity conglomerates and sandstones which resemble those of 
early Devonian age. On Prince of Wales Island opposite this islet 
are slates and chlorite schists which resemble those probably belong- 
ing to the upper Carboniferous. 

The collection of fossils from this locality was referred to G. H. 
Girty, who reports the following: 

The Soda Springs Bay eolleetiou contains the following forms: 

Zaphrentis sp. I*roductus aff. cora D'Orbigny. 

Menophyllum? »p. Productus aff. concentricus Hall. 

Derbya sp. Productus aff. burlingtonensis Hall. 

Schizophoria? sp. Splrifer aff. bisulcatus Sowerby. 

Chonetes sp. Splrifer aff. keokuk Hall. 

Productus aff. punctatus. 8piriferina sp. 

Productus aff. mesialis Hall. Rettcularia aff. setlgera Hall. 

Productus aff. setiger Hall. Athjris aff. lamellosa L'Eveille. 
Productus hirsutiformis Walcott. 

This lot clearly belongs to the lower Carboniferous fauna. 

On the south end of Gravina Island 3 miles north of Dall Head 
fossils were found in beds of calcareous schist, which because of 
their ambiguity could not be definitely determined, but are pro- 
visionally referred to the lower Carboniferous. These, however, 
may represent a Triassic horizon. 

Girty reports as follows on this collection: 

Co IT J miles north of Dall Head, west side of Oravina. Island. 

Zajihrentis sp. Halobia ? sp. 

Llthostrotlon sp. Pteria ? sp. 

Cyrtina sp. Tetlnka ? cf. bellula Barrande. 

Martinia ? sp. Ix)xonema ? sp. 
melasma ? aff. bovidens Tschern.. non P:uomphalus ? sp. 

Martin. Pleurotomaria sp, 

Dielasma ? aff. millepunctatum. Naticopsis sp. 

Aviculipecten V sp. Several undetermined, forma^ 
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By the presence of Halohiaf, which is very similar to if not identical with 
tliat which occurs in lot 17 on the Yukon (determined as lower Carl>oniferous), 
as well as by certain other iwirticulars, u correlation of the two horizons is 
suggested, and perhaps for the present that is the best disiwsltion which can 
be made of this very ambiguous collection. At the same time the two faunas 
are rather widely diiTerent. 

Few data exist concerning the interval between the lower and 
upper Carboniferous faunas, as the two formations are nowhere 
present at the same locality and no fauna representing the intervening 
period has been found. The upper Carboniferous, which probably 
includes the most extensively developed formations, is represented 
by limestone beds at Saginaw Bay and Keku Islets at the north end 
of Euiu Island. The beds there overlie sandstone^ and conglomerate 
with a suggestion of unconformity. The determination of the fossils 
contained in several collections from the limestone beds on Keku 
Islets and Saginaw Bay indicates a lower and an upper series, both 
of the upper Carboniferous formation. Girty in his report on these 
collections states: 

These two series, but especially the upper, are what have previously been 
determined as Permian in the Alaska Range, but I really find that the resem- 
blance with the Gschelian stage of the Russian section is greater than with the 
Russian Permian. Provisionally, therefore, I will correlate this horizon with 
the Uschel-stufe, in which occur a great number of equivalent or identical 
species. This fauna Is entirely unlilte anything in the Mississippian province 
of the United States, but some of o\h western faunas resemble it. 

On the northernmost of the Keku Islets about 130 feet of a white, 
cherty limestone occurs, which is underlain conformably by about 100 
feet of sliale, sandstone, and conglomerate beds, the latter consisting 
of cherty pebbles and limestone fragments, which are interstratified 
with narrow beds of limestone containing numerous fossils. These 
beds had a N. 10° to 30° W. strike and dip of 30° to 50° NE. Girty 
in his report notes the following list of genera from the above lo- 
cality : 

FoshUh from northettinwst of Keku Isietn, 

Fnsnlina aflf. K longissima Moell. PrcKluctus n. sp. aff. P. tuberculatus 

Rtenopora sp. Moell. 

.Khonibopora sp. Productus sp. 

Meekella? sp. Marginifera aflP. M. juresanensls Tsch. 

IWbya? sp. Spirifer camera tus Tsch., non Martin? 

Chonetes aff. C. trapezoidalis Waapen. Spirifer arcticus Houghton? 

Productus aff. P. cora D'Orb. Spiriferina aff. S. pyramidata Tsch. 

Productus aff. P. humboldti D'Orb. Squamularia sp. 

Productus aff. P. koninckianus Vem. Pngnax aff. Utah Marcou. 

Productus aff. P. fasclatus Kut. Ithynchopora aff. R. gelnitziana Tsch. 

Productus aff. P. tartaricus Tsch. Rhynchopora aff. R. nikitini Tsch.? 

Productus aff. P. lineatus Waagen. Camarophoria aff. C. purdoni David- 

Productus semireticulatus Martin. son. . 

Productus aff. P. jakovlevi Tsch. Camarophoria aff. O. superstes Vem. 
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Streblopterla sp. 
Aviciilli)eoteii a AT. A. 
Avlculi|»ecteu, 2 sp. 
Piuna? sp. 
Schizodud sp. 
Capulus sp. 
Straittirollus sp. 



iiiecoyl M. and II. 



Biilini<>r])ha ? aff. B. peracuta M. and II. I^iierditia sp. 



I*seudotueIania sp. 

lA>\onetija aff. L. subgracilis Xetch. 

TurbonelUna aff. T. chatzepovkensis 

•Kak. 
Pleurotomaria, 2 sp. 
Bellerophon sp. 
Medllcottia aff. M. ornlfniana Vem. 



This fauua belongs to the lower series of the Gschellan or upper Carbonif- 
erous. 

A few miles west of the Keku Islets the Carboniferous limestone 
is again found on Kuiu Island along the east short of Saginaw 
Bay. It forms a belt of outcrops from Comwallis Point nearly 
to the head of the bay. The peninsula forming the east side of the 
bay is in an area of moderate folding where deformational forces 
have exerted a minimum influence, so that the rocks are but slightly 
metamorphosed and the preservation of the fossils is exceptionally 
good. At the north end of Halleck Harbor, near the entrance of 
Saginaw Bay, the axis of a gentle fold, apparently only GOO or 800 
yards across, lies near the middle of the cove. The dip of the beds 
in this fold varies from 8"^ to 45°. Another small fold may be seen 
just west of Halleck Harbor. The trend of these folds is variable, 
but is generally northwesterly and southeasterly. The section ex- 
posed in Halleck Harbor is very similar to that shown on Keku 
Islets. Beds of white chorty limestone 450 feet or more in thickness 
overlie a series of black, carbonaceous shales, calcareous sandstones, 
and conglomerates with an exposed thickness of 125 feet. This 
section is of special interest because the faunas present in its upper 
and lower divisions represent respectively the upper and lower series 
of the upper Carboniferous formations. In the lower beds of the 
section, which is exceptionally rich in genera, Girty identified the 
following forms: 

FoshUs from llaJUvU Harbor, Kuiu Island: lower diviHon of upper 

CarhoniferouH. 



Fusulina aff. F. lonjjlssinia Moell. 
Crania sp. 
Schizophoria? sp. 
Derbya aff. D. robusta Hall. 
Chonetes sp. 

Chonetes aff. C. trapezoldalis Waagen. 
Productus aff. P. huniboldti D'Orb. 
Productus aff. P. porrectus Kut. 
Productus aff. P. semiretieulatns Mar- 
tin. 
Productus aff. P. schronki Stucli. 
Productus cora D'Orl). 



Spirifer aff. S. ufensis l^h. 

Splrlfer cameratus Tsch., non Martin? 

Squamularia n. sp. 

Martiniopsls sp. 

Rhynchopora aff. B. geinitziana Tseh. 

Dielasma sp. 

Streblopteria sp. 

Aviculipecten aff. A. meeoyi M. and H. 

AvicuHpecten, 2 sp. 

I^]ntolluni aff. E. aviculatum Meek. 

Solenopsis? sp. 
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In the overlying limestone beds belonging to the upper series Girty 
reports the following: 

Fossils from Halleck Harbor, Kuiu Island; upper division of upper 

Carboniferous. 

Zaphrentis? sp. Splrlfer nff. S. alatiis Sclilotli. 

Crinoid fragments. Spirlfer aff. S. blasi Vem. 

Stenopora si>. Spirifer articus Houghton. 
Streptorhynchus aff. S. pelargonatum Spirifer n. sp. aflP. S. marconi Waagen. 

Schloth. Spirifer aflf. S. dieneri Tsch. 

Clionetes, 2 sp. Splriferina aflf. S. cristata Schloth. 

Productus aflF. P. tlmanicus Stuclj. Squamularia sp. 

r*rodnctus aflf. P. aagardi Toula. Cleipthyris sp. 

Productus aflf. gruenewaldti Stucls. Camarophoria luargaritovi Tsch. 

Productus aflf. P. humboldti D'Orb. (*amarophoria aflf. C. purdoni David- 

Productus aflf. P. mamma tus Keys. son. 

Productus aflf. P. lineatus Waagen. lihynchopora aflf. K. nilvitlni Tscli. 
Productus aflf. occldentalis Newberry. Uhynchopora aflf. K. geinitziana Tsch. 

Pro^luetus sp. Dielasma sp. 

Corresponding fauna have been found in the limestone beds at 
Taku Harbor on the mainland in the Juneau district, and in the 
Ketchikan district limestone beds rich in coral fragments and prob- 
ably of the same horizon occur at the head of George Inlet. 

These two localities in the mainland belt are included in a success- 
sion of argillites and crystalline schists which are closely folded and 
highly metamorphosed and form a band from 5 to 15 miles wide 
striking northwesterly along the southwest flank of the Coast Range 
intrusives. These metamorphic strata, which are called the " Ketchi- 
kan series " *» in this province and in the Juneau district the " Schist 
band,"** probably include many different formations which, how- 
ever, can not be defined because of the complexity of structure and the 
metamorphism developed in them. 

At the Taku Harbor locality, 25 miles south of Juneau, specimens 
of Productiis afF. P. gruenewaldti Krot. were found by E. M. Kindle 
in 1905 in a much-altered limestone at the base of the slate-greenstone 
band defined by Spencer.*^ They determined definitely the age at 
this point as upper Carboniferous. At the George Inlet locality a 
large collection of fragmentary corals was gathered at a point on 
Revillagigedo Island and submitted to E. M. Kindle, who reports the 
following : 

"So, 966. Point on southeast side of Qeorge Inlet 10 miles from its head, Re- 
rillagigedo Island, — The fossils from this point comprise only crinoid stems, 
which, however, are so abundant as to malce up a large portion of the roclv. 
Crinoid stems can not ordinarily be used for correlation. However, their great 



• BrookR, A. H., Ketchikan mining district : Prof. Paper U. S. G«»ol. Survey No. 1, 1I>02. 
p. 42. 

*BiilI. r. .S. (Jeol. Survey No. 287, inoo, pp. 10-17. 

♦"Idem, pp. lR-19. /^^^^M^ 
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abundance here seems to justify a surmise that they very probably repr€*sent a 
Carboniferous horizon. Orinoids In such abundance as is shown by these 
8j)ecinien8 occur In very few places, if anywhere, outside of Carboniferous hori- 
s^ns. In the absence of other evidence the horizon represented may be referred 
tentatively to the Carboniferous. 

A third fossil locality in this mainland belt was discovered by 
L. M. Prindle at a point just north of the town of Wrangell. The 
inclosing rock strata were argillaceous black slates, and the fossils 
contained were so poorly preserved that definite paleontologic state- 
ments could not be made in regard to them. They were referred to 
G. H. Girty for examination, who submits the following report : 

The fossils in question consist of two specimens of pelecypod sheUs, both 
apparently belonging* to the same species. In their present state the ultimate 
generic characters are concealed, and, though it Is sometimes possible to deter- 
mine the genus satisfactorily without these characters, as by some peculiarity 
of shape, such determination is not iK>sslble with the present examples. In 
fact, even specific characters have been more or less obscured and changed, 
so that these shells might belong almost equally well to several genera whose 
range and geologic age, so far as paleontologic evidence Is concerned, might 
be almost anywhere from Devonian to Recent. If Paleozoic, I would feel dis- 
posed to refer them, by reason of their shape and sculpture, to the genus Ed- 
mondiaf though such a reference would be little more than a surmise. The 
range of Edmondia is practically restricted to the Devonian and Carboniferous. 
It is with sincere regret that I submit a report as unsatisfactory as I know this 
must be, but I feel that the evidence would not justify a stronger or more 
definite opinion. 

In view of the comparatively weak paleontologic and stratigraphic 
evidence bearing on the precise age of these argillites and crystalline 
schists, it is possible that their period of deposition extended even 
beyond the Carboniferous period into the Triassic, especially when 
the extensive development of Triassic strata to the south in British 
Columbia, as described by G. M. Dawson," is taken into considera- 
tion. The evidence thus far gathered, however, indicates Carbonifer- 
ous age for the greater portion of these crystalline schists and 
argillites. Besides their distribution along the mainland and ad- 
jacent islands, they are developed widely on Prince of Wales Island 
and to a limited extent on Kupreanof Island. 

The most recent Paleozoic rocks in this province are upper Car- 
boniferous lava and tuff beds interstratified with beds of black slate* 
(PI. yil. A.) This age determination is based on their structural 
relations to the older and younger rocks and on the fact that the 
upper Carboniferous strata at Taku Harbor underlie the greenstones 
with apparent conformity.. These beds in the Juneau district are 
described at length by Spencer as the '' slate-greenstone band."* 
These strata trend in many places parallel to the older limestones 
and schists and have l>een subjected to the same dynamic forces that 



« (Jeol. Nat. HiKt. Survey Canada, 1879-80, pp. 1-177 
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produced the northwest -southeast system of folds. The beds are in 
many places steeply tilted either to the southwest or to the north- 
east, although local variations in strike and dip are common. The 
total thickness of these strata has been estimated to be over 4,000 
feet. They occur principally along the outer border of the mainland 
belt, but they also form a smaller belt along the seaward shores of 
Chichagof and Baranof islands and on the west coast of Prince of 
Wales Island. 

As a whole the greenstone members of this slate-greenstone for- 
mation predominate over the slate or the sedimentary beds, but the 
relative proportion varies from place to place. The variation is at- 
tributed to the inequality in distribution of the lava flows and tuffs. 
In the beds themselves the igneous and sedimentary material is inti- 
mately associated in varying amounts and grades from altered andes- 
itic lavas and tuffs to purely sedimentary beds (PL VII, ^1). 

In the Ketchikan and Wrangell districts the slates and greenstones 
can be traced from Dixon Entrance to Cape Fanshaw, including 
Duncan Canal, Cleveland Peninsula, and Gravina Island. They as 
well as the crystalline schists to the northeast are important mineral- 
bearing formations. 

Limestone and conglomerate beds of a Carboniferous horizon still 
higher than that at Saginaw Bay or Taku Harbor occur at Pybus Bay 
on Admiralty Island and have been recently reported from Hamilton 
Bay on Kupreanof Island." The relation of these beds to the slates 
and greenstones above mentioneil is not known, but in the strati- 
graphic column on pages 34, 35 they have been provisionally placed 
above the slates. 

MESOZOIC STRATA. ' 

The formations in the Ketchikan and Wrangell districts that have 
been referred to the Mesozoic era have no fossils, and their classifica- 
tion is therefore based entirely on structural and petrographic evi- 
dence. The only Mesozoic fossil found was in a loose fragment of 
limestone picked up at the head of Hamilton Bay. It was identified 
by T. W. Stanton as Pseifdomonotis snlxnreularis (Gabb), which is 
characteristic of a horizon near the top of the upper Triassic. No 
similar rock was seen in place and the source of the specimen is un- 
known, but it probably represents Triassic beds in southeastern Alaska 
and thus shows that deep-sea conditions existed along the coast at that 
period. 

So far as known, the Coast Range intrusives, which occupy about 
half the land area of southeastern Alaska, invaded the bedded forma- 



•Mr. W. W. Atwood yisited this locaHty in May, 1907, and reported tbe Hamilton 
Hay occurrence. 
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tions during the early part of the Mesozoic era. These intrusives 
are discussed under the heading " Igneous rooks." 

On the southern end of Prince of Wales Island is a suc<5ession of 
andesitic flows, conglomerates, and tuffs, which grade into a series of 
graywackes or indurated sandstones. These have been considei-ed 
Mesozoic because of their structural and petrographic relations to the 
older rocks. In this complex, basaltic and andesitic flows are inter- 
calated with the tuffaceous beds, and both flows and tuffs alternate 
with the sedimentary slates, graywackes, and conglomerates. They 
are readily distinguished from the greenstones by the wide difference 
m composition and texture of the interstratified beds and by their 
predominant reddish color. A fine, compact, green tuff is usually 
overlain by an andesitic lava with numerous large phenocrysts, which 
in turn is overlain by a basaltic lava or a red lava conglomerate. The 
greenstone beds, on the other hand, vary little in composition and 
where massive, augite crystals form the phenocrysts. 

On the south end of Prince of Wales Island the andesitic flows and 
conglomerates overlie at several points the eroded surfaces of gra- 
nitic intrusive masses, and numerous dikes of the andesite intrude 
these older granites. Pebbles and fragmentary masses of the granite 
were observed in the tuffaceous conglomerates, showing clearly that 
the andasites are younger than these masses of granitic rock. The 
granites at this point were more altered and contained more shear- 
ing planes than are usual in the Coast Range intrusives, and they may 
represent a batholith intruded before or during the earliest stages of 
the period of the Coast Range granitic invasion. The graywackes 
overlying the andesites are compact and indurated, but do not show 
a schistose development, (see PL VII, B) ; the numerous slate frag- 
ments prominent in the rocks of the Sitka series to the north are 
absent, and beds of slate are less common. Pebbles of granodiorite, 
quartz, andesite, and graywacke are plentiful in the conglomerates. 
These beds, as a whole, though tilted at steep angles and foldeil, 
have not suffered the intricate folding and metamorphism shown in 
tire older rock beds including the Sitka series. No foasil evidence 
was found in these beds, but from the above facts it is reasonable to 
suppose that they occupy a position in the stratigraphic column be- 
tween Triassic and upper Cretaceous. 

To the north, on Admiralty Island," in Pybus Bay, slaty limestone 
and conglomerate beds, containing the fossil forms AnceUa (^rassicoIUs 
and Avrella piorhH, overlie the upper Carboniferous beds uncon- 
formably. These lower Cretaceous strata may represent the same 
horizon as the graywacke conglomerate beds mentioned above, though 
in the latter no fossils were found. 

•Bull. IT. 8. Gool. Survoy No. 2«7, 1006, p. 144. 
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TERTIARY STRATA. 

The Tertiary beds, as shown in previous reports,** are widely dis- 
tributed along the North Pacific coast, though their total thickness 
is comparatively small. In the Wrangell district they are locally 
developed at Hamilton Bay on Kupreanof Island. On Prince of 
Wales Island they occupy but a small local area at Coal Bay, a 
southern arm of Kasaan Bay. 

The Tertiary beds comprise an assemblage of conglomerates, sand- 
stones, and lignitic coal seams, together with volcanic lava flows 
overlying and interstratified with the sediments. 

The occurrence of the beds at low elevations, surrounded in placas 
by mountains of Paleozoic rocks, indicates that the Tertiary sedi- 
ments were deposited in lakes or shallow embayments alternating 
with swampy land, on which the vegetation of the coal beds accumu- 
lated. Erosion and movement of the older rock beds probably caused 
the local basin-lilce depressions. The beds are still soft, friable, and 
unmetamorphosed, though they are in many places fractured and 
tilted to some extent. However, the deformation of the original hori- 
zonal structure is slight when compared with that of the underlying 
strata. The conglomerates of the Tertiary consist essentially of slate 
fragments with pebbles of granite, greenstone, and limestone, many of 
them measuring several inches in diameter. These alternate with beds 
of sandstone ajid shale and with them have a general southerly dip 
of from 5° to 10° and an easterly strike. Sandstone is the predomi- 
nant rock of the Tertiary. It contains less quartz than usual and a 
large amount of rock fragments, such as slate and limestone, rather 
than of mineral fragments. The beds are gray to brownish and 
loosely consolidated, many of them showing cross-bedding. The 
shale beds contain a high percentage of clay and bituminous matter, 
and in them are numerous fossil plant leaves. 

Coal occurs in beds 3 inches to 3 feet thick, interstratified with 
seams of carbonaceous shale and sandstone. It varies from a black 
lignite to a bituminous coal, but nowhere in southeastern Alaska has 
it been found in commercial quantities. 

The gray shales of this sandstone series contain an abundant flora, 
which F. H. Knowlton considers as probably of Kenai age (upper 
Eocene). A collection from Hamilton Bay was submitted to him and 
the following species were identified : 

• Dan, W. H., Coal and Ugnlte of Alaska : Seventeenth Ann. Kept. V. S. Geol. Survey, 
pt. 1, 1896; Brooks, A. H., Coal resources of Alaska: Twenty-second Ann. Uept. U. S. 
Geol. Survey, pt 3, 1902. 
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Fossil plants from Hamilton Bay, Alaska, 

Sequoia laiigsdortti (Brgt.) Heer. Quercus sp. uov. 

Sequoia uordensliioldiV Ileer. I^urus sp. 

Taxodium distichum niiocenum Heer. Popuius sp. 

Juglans nigelln Heer. * Alnus sp.. 

TTlnnis sp. Cnstalia? sp. nov. 

A succession of basaltic lava flows, in which cohimnar jointing is 
a well-developed and characteristic feature, overlies the coal-bearing 
strata, and occupies extensive areas on the northeast end of Kuiu 
Island and the entire southern shore of Kupreanof Island. Th^se 
lava beds, with occasional strata of conglomerate, sandstone, and 
tuff, have a total thickness estimated at 2,000 feet.. In the lower 
portions of the series exposed along the shores of Port Cam- 
den on Kuiu Island narrow seams of impure coal were observed, 
and fo&sil plant leaves were collected from the int^rstratified sand- 
stffije beds. Beds of coarse conglomerate with pebbles mostly of vol- 
canic material also occur, grading into the sandstone beds. Structur- 
ally these beds are inclined only a few degrees from the horizontal 
and have suffered little or no deformation since their deposition. 

A collection of plant remains from fine-grained gray argillaceous 
sandstone, interstratified with the lava conglomerates, was made at 
a point east of Port Camden, 3 miles south of the entrance. Knowl- 
ton states in his report on this flora that the material was ample and 
very finely preserved and determines the age as Kenai. The plants 
identified are: 

Fossil plants from Port Camden, Alaska, 

Sequoia langsdorfil (Brprt.) Heer. I^stnea stiriaca (Tnger) Heer. 

Taxodium distichum miooenum Heer. Oorylus macquarril (Forbes) Heer. 
Taxo<lium olrilvi Heer. Julians uigella Heer. 

The above determinations and the stratigraphy indicate that the 
beds at Hamilton Bay and at Port Camden represent about the same 
horizcm. 

The Tertiary beds observed at Coal Bay on the east side of Prince 
of Wales Island are very limited in extent and apparently occupy a 
local basin formed in the underlying Paleozoic rocks. 

An exposure of these l)eds one-third of a mile up the creek at the 
head of Coal Bay showed the following section: 

SfircHon of TertUiry beds at Coal Bay, Alaska, 

Ft. In. 

Coarse, jrray to l>rowni8h sandstone 4 

Blue, fine-Rrained. sjindstone . 5 

The strike of these beds was N. ()0° W., and the dip 15*^ NE. The 
coal is a brownish -black lignite of light weight and contains occa- 
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sional grains of amber. It is said to bum poorly, leaving much ash. 
Two shafts, one 20 and one 40 feet deep, have been sunk at this local- 
ity without satisfactory result. 

Pliocene beds like those which occur along this coastal belt farther 
northwest, at Lituya Bay, and gravel beds containing marine shells, 
which are present at points in the Juneau district, have not been 
observed in the Ketchikan or Wrangell districts. 

The most recent rocks are the basaltic lava flows along the main- 
land and on Revillagigedo Island, in the Ketchikan district. These 
are described in the following pages under *'' Igneous rocks." 

IGNEOUS ROCKS. 

The igneous rocks include (1) the intrusive masses, as the granitic 
batholiths, gabbros, and peridotites which invade the sedimentary 
rock beds, (2) the extrusives, or those which represent surface lava 
flows during the diflTerent geologic periods, as the greenstones, ande- 
sites, and basalts. The most abundant and important of the igneous 
rocks are the Coast Range granitic intrusives, which occupy about 
one-half of the aggregate land area of these two districts. 

COAST RANGE INTRUSIVES. 
GENERAL DE8CBIPTI0N. 

The Coast Range massif, as it has been defined by Dawson, is not 
of the same composition throughout but is composed of different 
kinds of igneous rocks ranging from granite to diorite and even 
gabbro; quartz-hornblende diorite or lonalite being the predomi- 
nating type. The most noteworthy feature of the entire Coast Range 
mass of intrusives is their general uniformity in texture and their 
continuity. The variations across the range are apparently not so 
gradual as those along its trend. The Coast Range massif consists 
of many separate interlocking batholiths, or batholiths within bath- 
oHths, intruded at successive epochs but during the same general 
period of irruption. In the southern part of Alaska, especially in 
the Unuk River, Stikine River, and Portland Canal sections, the 
contacts between the different batholiths are less sharp than in the 
northern Skagway cross section. The geologic evidence indicates 
that the granite in the southern region was intruded into more 
deeply buried rocks than that in the northern region, affd this fact 
niay acount in part for the difference in contacts. It is probable 
that under such very deep-seated conditions, owing to the general 
similarity in composition between the masses, local gradations would 
take place at the contacts and obliterate the sharp lines of demarca- 
tion which would result if the superheated intrusive masses were 
nearer the surface and in contact with cooler surrounding rock 
masses. 
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In this poition of the Alaskan Coast Range rapid gradations from 
one type to another occur and indicate in many ways intrusion within 
intrusion besides variation due to differentiation and assimilation. 
Naturally it is not probable that intrusion was or could be accom- 
plished over such a wide area at one time and by one huge magma. 
For the gradual relief of strains and stresses due to the transfer of 
so much material and also for the action of a viscous magma the lai>se 
of considerable time must be assumed. Furthermore, all conceptions 
of the mechanics of mountain building involve the consideration of 
a complicated system of forces, which require nice adjustment to be 
brought into equilibrium ; local differential forces of compression or 
tension must be relieved by changes in relative position, while the 
larger orogenic tangential or radial forces must also find eventual 
expression and relief in mass transfer, as by batholithic intrusions 
and orogenic uplift. We have, then, to deal with a dynamic system 
tending toward static equilibrium, and therefore the time element is 
involved in our general conceptions of the mechanics of the problem. 

Several interesting facts were observed in the field which have a 
bearing on the general problem of the explanation of the Coast Range 
intrusion. Jointing planes and sheeted zones are often well marked 
in the granodiorite, and trend northwest with steep northeasterly 
dips. In the southern part of southeastern Alaska, particularly 
along the shores of Behm Canal, pegmatite and aplite dikes form an 
intricate network and mesh of white strands along the outer portions 
of the granodiorite massifs and in the adjacent schists, but in the 
central parts of the batholiths they are practically absent. Several 
systems of such dikes were observed; the oldest set occurs as thin, 
narrow bands following master joint planes and standing out as ribs 
above the surface of the more easily weathered granite ; a second set 
is wider and usually perpendicular to the first; while a third and 
still later set, which is distinctly irregular, apparently fills the largest 
fracture cracks. This condition suggests that during the last period 
of inagmatic activity the rock masses underwent considerable move- 
ment and fracturing and were brought nearer the surface. That still 
later differential movement has taken place is evident from the minor 
faulting of the pegmatite dikes themselves. At a distance this 
schist complex with its inmnnerable pegmatitic dikes, resembles a 
breccia, the white pegmatites acting as interstitial cement for the 
dark angular fragments and blocks of schist. 

The sedimentary rocks flanking the Coast Range batholiths in 
this region are folded closely near the contact and more openly at 
a distance, so that, though their general trend is parallel to the 
range, their dip is extremely variable, ranging from northeasterly 
to southwesterly at all angles. Such dips, however, do not exist 
throughout southeastern Alaska, for northward from Behm Canal, 
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in the Wrangell and Juneau districts, the strike and dip become more 
and more constant, the schists are more typically developed, miner- 
alization along certain bands is more pronounced and sharp, and 
dosed and overturned folds appear to be the rule. The prevailin|r 
(lip is steeply northeast into the mountains, and the strike is parallel 
to the range. The economic bearing which this change in structure 
has had on the formation of ore bodies is interesting and is discussed 
on page 77. 

Petrographically the field term granite, which is generally used 
to designate the Coast Range intrusives, applies to only a small part 
of the rocks. The prevalent type is less siliceous and ranges in com- 
position from gianodiorite to diorite and gabbro, with hornblende 
and biotite as colored constituents and titanite.as a frequent visible 
accessory component. As a general rule hornblende appears more 
abundant near the coast, while biotite predominates near the inland 
border of the Coast Range batholiths. Near the coast also the 
granite is usually more gneissoid in aspect, especially along Behm 
Canal, and contains abundant inclusions of the intruded schist near 
its contact. These inclusions become more and more coarsely crystal- 
line away from the contact, until finally they resemble basic or acidic 
differentiation products and are gradually lost sight of. A charac- 
teristic feature in this region is that while aplitic and particularly 
pegmatitic dikes are extremely abundant near the western contact of 
the granite and form an intricate network in the adjoining schist 
areas, they are rare and practically absent in the central parts of the 
range. On its eastern flanks numerous salic dikes occur, but they are 
far less abundant than on the coastal side. The absence of minette 
and similar basic differentiation dike products is noteworthy and 
may be due to the fact that the dikes are pegmatitic rather than 
aplitic and, therefore, are not, strictly speaking, magmatic differen- 
tiation products in the usual definition of the word. 

The importance of the pegmatites becomes apparent when the mode 
of formation from a solution emanating from the intrusive mass is 
wiLsidered. They represent only a small part of the work accom- 
plished by the pneumatolytic solutions of the granite and are convinc- 
ijig evidence of the great volume of pneumatolytic solutions which 
accompanied the batholithic invasions. The intimate connection of 
tile ore bodies in southeastern Alaska with the intrusive massc»s has 
Ijeen proved directly in several places and is inferred in a nmnber 
of the remaining deposits. 

AVERAGK COMPOSITION OF THE COAST BANGE HATHOLITHS. 

Although the composition of the Coast Range granodiorites varies 
considerably from point to point, it is desirable to ascertain the ap- 
proximate average composition of the entire mass. To this end 
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seven typical specimens were selected from different parts of the 
range. These specimens were chosen with special regard to their 
abundance and general distribution throughout the area, abnormal 
and rare types being disregarded altogether. Each of these speci- 
mens was'^tudied in detail under the microscope, and a careful esti- 
mate of the relative quantity of each mineral in the rock was made 
from the thin sections by the Rosiwal method. Although the values 
thus obtained are necessarily only first approximations, they repre- 
sent roughly the general mineral content of the Coast Hange grano- 
diorite. 

The following average mineral composition was thus obtained: 

Average mineral eomiHmtion of the Coast Range intnisire. 

Quartz 19. 4 

Orthoclase 0.6 

Aiidesine (Ab«u\n<i) 47. 4 

Hornblende 7. 6 

Blotite 11. 

Apatite .ti 

Magnetite * .1) 

Pyiite . 1 

Titanite 1. 3 

Epidote .•}. 5 

Chlorite . 1 

Calclte . 1 

KaoUu and muscovite i . 8 



100.0 



The average specific gravity, 2.77, was determined by weighing the 
hand specimens in air and then in water. 

From these data the average chemical composition was calculated 
by assuming for the hornblende and biotite the compositions of like 
minerals from a similar rock from Butte, Mont. 

Avcrayc chemical composition, norm, and classification of the Coast Range intrusive 



Constitu- 
ent. 



SiO,.. 
TiO,. 

Fe,()3 

FeO., 
MnO. 
MgO. 
CaO. 
NajO 
KjO-. 
HiO.. 



Per 


Molecu- 


cent. 


lar ratio. 


Gl.O 


1.017 


1.0 


.013 


17. .5 


.171 


l.G 


.010 


2.7 


.038 


.1 


.001 


2.4 


.060 


a9 


.123 


3.3 


.053 


2.3 


.024 


.i* 


.O.'K) 


.3 


.002 


100.0 





Norm. 



Q iai4 16.14 

Or.. ..13. 321 
Ab....-27.7^ 

An. . . .27. ir: 
4.81 



Classification. 



14.26 



DL. 
Hy.... 5.751 
Mt... 2.321 

n.. 

Ap. 



4.29 



l.j.52 



Sal. 

' Per 

F 

Order, Q -4.22 

KfO'+Na,0' 
Rang, - - Q-^Qf- - -0. 82 

KtO' 
Subrang, Na^r-0. 45 
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This chemical and mineral composition places the rock in the 
family of the quartz diorites, of the type tonalite according to the 
usual classification. In the new quantitative classification of Cross, 
Iddings, Pirsson, and Washington the rock is dosalic, dosalone quar- 
dofelic, alkalicalcic, and dosodic, and belongs in Class II, order 4 
(austrare), rang 3 (tonalase), and subrang 4 (tonalose). In short, 
it is tonalose of the ordinary type. 

The amount of titanite is unusual and is characteristic of many of 
the Coast Range intrusives. The highly lustrous, well-shaped crys- 
tals of this mineral glisten in the sunlight and attract the attention 
of the most casual observer. The hornblende occurs usually in dark 
prismatic crystals, noticeable for the excellent prismatic cleavage and 
the lack of terminal faces. Many biotite flakes are hexagonal and 
deep brown in transmitted light. A few apatite crystals are visible 
to the unaided eye, but this mineral occurs generally in fine hexagonal 
crystals of microscopic dimensions. Pale green veinlets of secondary 
epidote, which follow fracture planes in the granodiorite, are not 
rare. 

These even-grained rocks usually have the normal, sharply defined, 
granitoid texture. However, gradations to holocrystalline porphy- 
ritic phases, due to the superior development of the feldspars, occur. 
Gneissic structure is common near the western margin of the Coast 
Range belt. In some places the development of gneissic structure in 
the granite has been so far advanced and the recrystallization of 
the neighboring invaded sediments to gneiss has been so thorough, 
that it is diflScult to define the precise limits of the original intrusive 
granite. 

CONTACT METAMOBPHISM. 

That the immense Coast Range batholiths are not surrounded by 
e\ident contact aureoles of similar proportions has been frequently 
noted. Contact minerals have been observed only rarely and are of 
local significance. 

In metamorphic alteration those changes in mineral combinations 
take place which tend to produce under the given conditions more 
stable equilibrium throughout the system. It is probable that at 
many points along the western flanks of the batholiths the schists 
now visible were so deeply buried at the time of intrusion that the 
invading granite did not alter them so materially as to produce wide 
contact change. Strata nearer the surface at the time of intrusion 
should show more pronounced alteration from the magmatic solutions 
and the heat. Although the strata directly above the massifs have 
long since been removed by erosion, an observer approaching the con- 
tacts from the southwest finds that distinct changes in the sedi- 
mentary rocks are generally noticeable, especially in the southern 
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portion of southeastern Alaska. The prevailing argillites become 
more visibly crystalline, and at many points, especially in the Wran- 
gell district, new minerals, andalusite and staurolite, occur. From 
the coast of Behm Canal to the western contact of the Coast Range 
massif the invaded sedimentary rocks change from slates and argil- 
lites to phyllites and mica schists and in some places near the con- 
tact to gneiss. The many types of hornfels are rare, and spotted 
schists do not form an integral part of the complex. The strata are 
intensely folded and were undoubtedly deeply buried at the time of 
the granite invasion. Deep-seated metamorphic forces were already 
active and had undoubtedly heated and altered the rocks to such an 
extent that the granitic intrusion did not disturb their equilibrium 
greatly ; its chief effect being to accentuate the processes of crystalli- 
zation already in force and to increase their power rather than to 
replace them by others. At the contact itself, the granite frequently 
contains inclusions of the schist, which have usually become more 
coarsely crystalline, though their original outline is still well pre- 
served. This coastal strip exposed along Behm Canal, whose contact 
with the granite can be traced only with difficulty, offers, therefore, 
an excellent example of the metamorphic changes produced by 
deeply buried granite. 

It is significant that in these deep-seated schists and gneisses near 
the granite contact no ore bodies of consequence have been found, 
while rocks farther away from the granite and nearer the surface 
during its invasion in many localities show traces of contact meta- 
morphism, as in spotted schists, and contain valuable metalliferous 
deposits. The folded character and lack of uniform structure in the 
strata near the granite contact may account in part for the absence 
of commercial ore deposits, since they offer no lines along which con- 
centration could easily take place as in the isoclinal schists of the 
Juneau district farther north. Within the granite area itself are 
occasional belts of included sedimentary rocks in a highly meta- 
morphosed condition. They vary from argillites to mica, horn- 
blende, and calcareous schists of various types, even marble, and 
occur in long bands, intensely folded. They still preserve in general 
their northwest trend, parallel to the course of the range, and their 
, steep northeasterly dip and are walled in by great mountain masses 
of intrusive granite. In the region about Glacier Bay the granite 
contains numerous inclusions of schists arranged irregularly and 
showing beyond question that cleavage had been superinduced upon 
them Ix^fore the granite intrusion. From general structural re- 
lations in tlie Juneau district Spencer" has concluded that the 
schistosity and steep isoclinal dip to the northeast characterized the 

• Sponcpr. A. i'.. Bull. V. S. Ueol. Survey No. 287, 1906, pp. 13-15. 
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.schists before the entrance of the batholiths and controlled at the 
time of invasion the form of intrusion by offering parallel lines of 
least resistance along the planes of schistosity. So far as the writers' 
experience in the Juneau district goes, this conclusion is justified by 
the facts and is further strengthened by the exposures in Glacier 
Bay. 

The included schist belts within the Coast Range are usually not 
wide, and more appear near the mountain tops than at sea level. They 
can be traced up the exposed cliffs and bare mountain sides for 4,000 
to 6,000 feet. They are usually intensely mineralized with sulphides, 
especially pyrite, and near the mountain crests show abundant evi- 
dence of contact metamorphism, formation of garnetiferous rocks, 
etc. These roof pendants, as R. A. Daly" has aptly named them, 
were directly above the intrusive mass and were evidently in the most 
favorable position to be affected by magma tic waters and heat escap- 
ing from the intrusives, so that they now are the most heavily miner- 
alized bodies. 

The character of the invaded sedimentaries east of the inland bor- 
der of the grafnite is noticeably different. The slates and sandstones 
are less altered and typical schists and sandstones are rare. Folding 
and particularly faulting are common and characteristic of the entire 
complex (PI. VIII, A). The granite contact line is sharp and fre- 
quently traverses the bedding planes of the intruded strata. Although 
its general trend is parallel to the Coast Range, the actual line of con- 
tact exposed in the Unuk River section undulates locally and cross- 
cuts the strata at variable angles. The intruded rocks are often 
indurated and heavily mineralized with sulphides near the contact 
and show evidence of metamorphism by the intrusives. 

By comparing the metamorphic effects of the intrusive granite 
along its western and eastern flanks in the latitude of the Ketchikan 
district decided differences are apparent. On the coastal side the 
metamorphism near the contact is usuall}^ of the deep-seated type; 
gmeisses and schists predominate and are cut by innumerable pegma- 
tite dikes ramifying from the granite. Mineralization by sulphides 
is not pronounced near the contact. Farther west, at some distance 
from the contact, evidences of contact metamorphism increase, the 
degree of mineralization also increases, and valuable ore bodies have 
been discovered within this zone in the Ketchikan district. Along 
the eastern border of the granite, on the other hand, the metamorph- 
i55m is of the contact type, argillites and slates predominate and are 
often indurated and heavily impregnated with sulphides. Well- 
defined ore bodies have been found near the granite contact. The 
geologic interpretation of these data indicates clearly that the rocks 

•Am. Jour. Scl., 4th Ror„ vol. 15, 1903. pp. 269-298; vol. 16, 1903, pp. 107-126. 
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east of the massifs were less deeply buried at the time of intrusion 
than those on the coastal side. In other words, the inland rocks were 
then above the zone of deep-seated metamorphism or rock flowage. 
and were, therefore, profoundly affected by the invading intrusives 
and accompanying pneumatolytic solutions. Furthermore, the min- 
eral-bearing solutions emanating from the granite encountered new 
conditions of temperature and pressure on entering the adjacent sedi- 
mentary rocks and deposited, as supersaturated solutions in their new 
environment, a portion of their dissolved contents, especially the 
metallic sulphides and silicates. 

lUthough in such a large belt the phenomena of contact meta- 
morphism are not so pronounced and concentrated as in the contact 
aureole of a small intrusive boss, they are equally as varied, though 
more extensive and on a larger scale. It has frequently been observed 
that in a small contact aureole different contact minerals occur at dif- 
ferent distances from the intrusive mass, and that under similar 
conditions an evident relation exists between a given contact min- 
eral and its distance from the invading rocks; and in a general way 
this law^ apparently holds true for this eastern contact zone of min- 
eralized sedimentary rocks. 

DIKE KOCKS AND MINERALIZATION. 

The various dike rocks which accompany and intrude the Coast 
Range batholiths may be arranged in two groups, the first containing 
the pegmatites, aplites, alaskites, granite porphyries, and allied rocks, 
and the second containing the lamprophyres of several types, dia- 
bases, and other basic intrusives. Although interesting from a petro- 
graphic standpoint, these rocks have little commercial value and, 
with the exception of the pegmatites and aplites, are not of great im- 
portance (PL VIII, /?). 

The pegmatites are not of the usual type, their feldspars being 
almost invariably oligoclasc and not orthoclase or microcline. They 
are usually pure white and coarse grained and do not contain acces- 
sory constituents in abundance. In the central parts of the Coast 
Range the pegmatites and,' in fact, all dike rocks are rare, but along 
the western margin and adjacent sedimentary rocks hardly a cubic 
meter of country rock is visible which is not pervaded by them. As 
noted previously, the pegmatites are not all of the same age, but 
liave been formed at different periods, the older dikes following 
definite jointings and fracture planes in the country rocks. The oc- 
currence of these innumerable pegmatites along the margin of the 
Coast Range batholiths is a significant indication of the immense 
quantities of pneumatolytic solutions given off by the invading crys- 
tallizing magmas. In the region of most intense development of 
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pegmatites, as in the Behm Canal area, the amount of ore deposition 
was slight and no ore bodies of importance have lx»en discovered. 

F'arth'er away from the granitic intrusion magmatic solutions given 
off by these igneous masses encountered conditions more favorable 
to the precipitation of the metallic sulphides carried in solution and 
deposited them at such points. As a result the argillites and slates 
a few miles west of Behm Canal, as on Cleveland Peninsula and 
Revillagigedo Island, are very heavily impregnated with sulphides, 
especially cubes of pyrite. The total amount of sulphides in these 
rocks is enormous and would be difficult to explain otherwise than 
as due to the influence of the Coast Range intrusives. An unfavor- 
able result of this widespread mineralization has been to disseminate 
the values over large areas and to render the whole of little com- 
mercial importance. In certain instances, however, sufficiently in- 
tense concentration has taken place within small areas and produced 
conunercial values. 

As further evidence of the important part played by the Coast 
Range intrusives, it may be cited that the ore deposits are apparently 
all later than these intrusives; that occasionally the pegmatite dikes 
in this area pass gradually into quartz veins, and that the evidences 
of contact metamorphism and the development of contact minerals 
such as staurolite and andalusite are not rare in the heavily mineral- 
ized rock belts. Nearer the Coast Range the rocks now exposed were 
at the time of intrusion deeply buried and therefore extremely hot 
and under considerable pressure. The solutions, escaping from the 
granite and entering this complex, encountered conditions not greatly 
unlike those within the crystallizing granite itself, and sulphide 
deposition was slight. On reaching the zone of less pressure and 
colder rock formations, however, the ascending solutions met with 
new conditions, favorable to the precipitation of sulphides and min- 
erals closely allied to those of ordinary contact metamorphism, w here 
heat and magmatic solutions are the prime agents of metamorphism. 

OTHER INTRUSIVES. 

Dikes of diabase, porphyrite, and felsite are common throughout 
the region and cut all of the older rock strata. Some of these have 
been indicated on the geologic map. The importance of these rocks, 
however, is relatively small when compared with the Coast Range 
intrusives and their accompanying dike rocks which have already 
been discussed. For the most part these dikes may be considered as 
the intrusive forms of the greenstones, andesites, and basaltic lavas, 
described in the following pages. Diabase, which is the most widely 
distributed dike rock in the region, occurs cutting the ore bodies 
in many places. It usually has a fine-grained ophitic texture, is dark 
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green, and consists essentially of altered plagioclase feldspar, to- 
gether with basaltic hornblende largely altered to uralite. Both mag- 
netite and pyrite are generally present in disseminated grains. The 
porphyrites, which may be regarded as the dike rocks of the ande- 
sitic lavas, are characterized by their porphyritic texture, by their 
light-green color, and by large plagioclase feldspar phenocrysts con- 
tained in a finely crystalline groundmass. Thase dikes, though less 
common than those of diabase, are also of more recent intrusion than 
the ore deposits. These dikes are numerous along the shore 
exposures where they cut the Paleozoic strata and the granitic 
intrusives. 

Dikes of felsite have been noted in only a few places, principally 
on Kasaan Peninsula, where they are associated with the copper 
deposits. They are usually brownish and finely crystalline, and are 
composed essentially of feldspar, many crystals of which form large 
phenocrysts. They were evidently of later intrusion than the ore 
deposits, though ore was contained in them in places. Narrow dikes 
of basalt were observed on Kasaan Peninsula and at other localities. 
They are usually black, finely crystalline, and porphyritic, and vary 
widely in composition. The basalts are the most recent intrusive 
rocks. 

EXTRUSI\^8. 

GREENSTONES. 

The upper Carboniferous extrusives mentioned in the foregoing 
pages are rei)resented essentially by tuffaceous strata and lava flows, 
which have been generally metamorphosed and rendered schistose, 
their original mineral constituents having been replaced to large ex- 
tent by secondary products. Because of this alteration the former 
character of the rock has in most places been obliterated, but else- 
where their texture and mineral content mark them as igneous rocks. 
The interstratification and the intermingling of the igneous material 
wnth the black slates indicate that most of the igneous material, com- 
posed of tuffs and some agglomerates, resulted from volcanic out- 
bursts. Lava flows also occur, but are less frequent. 

The term greenstone, which is a convenient field name, has been 
applied to the rocks of this type, both schistose and massive, and 
includes the intrusive as well as the extrusive forms. They are all 
intensely metamorphosed, have a greenish cast, and range in composi- 
tion from altered andesites and andesitic tuffs to basalts and altered 
gabbros. 

On Cleveland Peninsula and in the neighborhood of Ketchikan, 
the greenstones are roughly bedded and conform to the general struc- 
ture of the neighboring formations. A close study reveals layers 
varying in composition and coarseness of crystallization, and a few 
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beds of »mygdaloidal structure, showing the original vesicular na- 
ture of the rock. Angular breccias also occur containing fragments 
of gi-eenstone material. All these features are such as would be 
caused by a succession of volcanic flows and outbursts, and their igne- 
ous origin is thus well established. 

In the masvsive flows are numerous phenocrysts of pyroxene, usu- 
ally less altered than the groundmass, which is always so decomposed 
that in many places the original nature of the rock can not be defi- 
nitely determined. Wherever it is less altered and the original 
texture is still apparent, considerable amounts of plagioclase feld- 
spar and augite phenocrysts are present and the lavas have the typi- 
cal features of altered andesites. By processes of metamorphism the 
augite and plagioclase components of the "original rock have been 
obliterated and replaced b}' green amphibole, biotite, chlorite, sericite, 
feldspar, epidote, zoisite, calcite, quartz, and other secondary mm- 
erals. The beds of tuff and agglomerate are usually intermixed with 
much sedimentary material and gradations to purely sedimentary 
beds may often be observed. Because of subsequent alteration the 
original clastic texture of the tuffs is rarely apparent. 

In their most altered form the greenstone schists are fine grained 
and composed largely of chlorite, calcite, and secondary hornblende 
giving the rocks a dark-gi'een color. These schists, where permeated 
by mineral-bearing waters, contain considerable amounts of pyrite, 
and in several places have been bleached to a light yellow, as may be 
seen on Gravina Island and Cleveland Peninsula. 

As shown on the general geologic map, the greenstones are dis- 
tributed along the mainland belt including Gravina Island, Cleve- 
land Peninsula, and Duncan Canal; they are also well developed 
along the shores of Hetta Inlet and on Shukwan Island. The green- 
stones are irregularly involved with the Carboniferous slates, lime- 
stones, quartzites, and schists, having been folded and compressed 
with them, and are considered to be essentially of the same age. 

ANDKSITE.S. 

The extrusive rocks provisionally referred to the Jura-Cretaceous 
period are made up of lavas and tuffs like those of the upper Carbon- 
iferous. These extrusives include altered andesites, hornblende por- 
phyrites, quartz porphyrites, and basalt tuffs. With these extrusives 
are included fragmental or clastic rocks composed of volcanic tuffs, 
sandstones, and conglomerates. As a whole the lavas are less prom- 
inent than the clastic rocks. They occur intercalated with the sedi- 
mentary slates and sandstones or graywackes. The original char- 
acter and manner of deposition of extrusives must have been veiy 
similar to that of the older greenstones. They are, however, readily 
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distinguished from the greenstones by the difference in composition 
and texture and their dominant reddish color. There is also a dif- 
ference in the amount of apparent metamorphism of the extnisives 
of the two era& The lava and tuff beds of Mesozoic age have not 
been changed to chlorite or talcose schists and do not show the de- 
gree of alteration that is characteristic of the older greenstones. As 
indicated on the accompanying map, the andesites occupy irregular 
areas on the south end and along the west coast of Prince of Wales 
Island, but are not known to occur in other portions of the Ketchi- 
kan or Wrangell districts. 



The Eocene period is- also characterized by the extrusion of enor- 
mous quantities of basaltic lavas and tuffs. The lava beds have 
been but little disturbed since their extrusion and show little or no 
alteration. Had they been folded, compressed, and subjected for a 
long geologic period to the slowly operating chemical and physical 
agencies which altered the volcanic rocks of Paleozoic and Mesozoic 
age, they would undoubtedly resemble the latter closely in general 
character. 

The Eocene basalts are porphyritic rocks ranging in color from 
gray green to gray black and in composition and texture from basic 
andesite to a normal basalt. Porphyritic textures are usual, but other 
textural phases have been developed locally. Amygdaloidal struc- 
ture, with fillings of quartz, chalcedony, calcite, and a zeolite which 
is probably stilbite, is characteristic of some beds. 

They are mostly dark, fine-grained lavas, the only mineral compo- 
nent visible to the unaided eye being phenocrysts of plagioclase and 
occasionally pyroxene. The microscope further reveals magnetite 
and rarely olivine and quartz, also a brown zeolitized glass in sev- 
eral of the thin sections. Alternation products are calcite, epido- 
tite, muscovite, chlorite, and serpentine. Many phenocrysts of feld- 
spar show marked zonal structure and grade in composition from 
acidic andesite to basic labradorite. In the groundmass the plagio- 
clase is usually more acidic. The feldspars occur in larger amounts 
than the pyroxene. 

These extrusives, as indicated on the geologic map, occupy wide 
areas on Kuiu and Kupreanof islands. The beds are almost flat 
lying, being tilted at low angles in places. Columnar structure is 
a characteristic feature and they may be distinguished from other 
rocks of the region by their usual red surface weathering. 

Interstratified among the lowest l>eds of this succession are strata 
of rhyolite tuff, breccia, lava conglomerates, and sandstones. At Port 
Camden, on Kuiu Island, narrow seams of coal interstratified with 
lavas and sandstone contained fossil plant leaves, which are ecm- 
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sidered by paleobotanists to be of Keiiai age (upper Eocene). These 
volcanics overlie the Kenai coal-bearing beds. 

Basaltic lavas of .postglacial age occupy small areas at various 
points along the mainland and on Revillagigedo Island. They lie in 
nearly horizontal beds, on the upturned schists and granitic rocks. 
The massive lava dominates, but narrow beds of tuffaceous material 
or ash were also observed. These flows correspond to the lavas on 
Kruzof Island in the Sitka district to the northwest. 

OUTLINE OF GEOLOGIC HISTORY. 

The data set forth in the preceding pages are inadequate for the 
presentation of a complete account of the sequence of events in the 
Ketchikan and Wrangell districts. In the course of the field work, 
however, many facts in reference to stratigraphic succession and 
structure have been obtained, which will be fully used in later re- 
ports on this general region. Though the stratigraphy has not been 
worked out in detail, it does not on the whole appear to be com- 
plex' except along the boundaries of the Coast Range granitic in- 
trusions, where considerable metamorphism and local disturbances 
of strata have taken place. 

In this province the sedimentary record begins with the deposi- 
tion of a series of fragmental rocks, now represented by banded 
quartzite, sandstone, a few beds of conglomerate, and some tuffa- 
ceous material. These clastic rocks grade upward into calcareous 
beds and into limestone containing Silurian fauna. Though the 
age of the earliest sediments has not been determined, they are be- 
lieved to be mostly Silurian, as they are succeeded with apparent 
conformity by limestones of that age. However, since their thick- 
ness is estimated at 10,000 feet or more, it is possible that their 
deposition began in an earlier period. At all events this record 
shows that sedimentation was probably continuous during early 
Silurian time, that clastic rocks of great thickness w^ere deposited, 
and that there was then a gradual deepening of the sea so that sev- 
eral thousand feet of limestone strata were laid down. After the 
deposition of this Silurian limestone a period of earth movement pos- 
sibly intervened, during which the rocks were indurated and more 
or less folded. Of this fact, however, there is no definite proof. 

The oldest member of the Devonian is a succession of conglom- 
erate and sandstone beds, composed largely of igneous material, 
which in most places appear to be less altered than the Silurian lime- 
stones and underlying clastic roc*ks. The pebbles of the conglom- 
erate are embedded in a tuffaceous matrix and were chiefly derived 
from the older banded quartzite and limestone strata. This series, 
which is estimated to be 3,000 feet thick, grades upward with ap- 
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parent conformity into the lower Devonian limestones. These calca- 
reous beds are nearly 2,()(H) feet thick and their [)eriod of deposition 
probably extended well up into middle Devonian. In other parts of 
the region the middle Devonian is represented by argillaceous schists 
and slaty limestones, but the relations between these and the early 
Devonian limestones are not known. After deposition of the slaty 
limestones and argillites and apparently conformable with them a 
limestone of considerable thickness was laid down in upper Devonian 
time. This later limestone, though highly crystalline and folded in 
places, does not generally show the intensity of dynamic action which 
characterizes the older limestones. At the close of the Devonian 
volcanic activity began along this coastal belt, and lavas were poured 
out and tuffs laid down to an estimated thickness of about 800 ftH»t. 
These volcanics were not observed in the Ketchikan and Wrangell 
districts but are prominent on Chichagof Island to the north, where 
they overlie and are interst ratified with the upper Devonian lime- 
stone beds, indicating that their extrusions were submarine. The 
evidence from adjacent provinces, notably in the Yukon basin, 
tends to show that this epoch of volcanism was widespread. The 
so-called Rampart series of the Yukon appears to belong to the same 
general epoch as the upper Devonian of southeastern Alaska. Vol- 
canic activity apparently ceased toward the end of the Devonian. 

The lower Carboniferous period seems to have been inaugurated 
by the deposition of gray limestone beds 1,500 feet or more in thick- 
ness, and, though the relations between these lieds and the under- 
lying volcanics were not definitely determined, it is probable that 
deep-sea conditions continued from upper Devonian into early Car- 
boniferous time. An unconformity between the lower and the upj>er 
Carboniferous is suggested by the occurrence of argillites, sandstones, 
and conglomerates having a thickness of 200 feet or more. On Kuiu 
Island these underlie conformably ()00 feet of clearly exposed upper 
Carboniferous limestone, which is broadly folded and shows compara- 
tively little metamorphism. Along the maudand the corresponding 
limestone beds are interstratified with argillites and crystalline schists 
Hiul are closely folded and highly metamorphosed. Argillites were 
extensively laid down at the close of the Carboniferous. A period of 
volcanic activity ensued resembling that at the end of the Devonian, 
but of much longer duration. Tlie beds of lava and ash ejected 
from the volcanic vents were contemporaneous with the slate beds, 
and because of their intimate association with the sediments the vol- 
canics are regarded as submarine extrusives. They are now repre- 
sented by the altered massive greenstones and greenstone schists, 
which are widely exposed throughout the region, and together with 
the interstratified slate beds have a thickness estimated at about 4,()00 
feet. 
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The setjuence of geologic events during the Mesozoic period is not 
clearly defined because of the lack of paleontologic and structural 
evidence and because of the great orogenic changes which took place 
during this era. During early Mesozoic time the bedded rocks suf- 
fered intense metamorphism and recrystallization, resulting in the 
conversion of the sedimentary strata to schists and slates and in the 
alteration of the volcanic rocks to amphibole schists and chloritic 
greenstones. At the same time the beds were highly tilted and in- 
tricately folded, the direction of the axes of foldiug being generally 
southeast-northwest. These changes are exemplified more clearly 
ill the rock beds flanking the Coast Range than in the sedimentaries 
composing the outer islands. Though early Mesozoic rocks have not 
been recognized, it is probable, as suggested by Brooks,*' that Triassic 
beds are infolded with these older metamorphosed sediments. The 
large development of the Triassic deposits to the south in British 
Columbia points to the same surmise. The only evidence that the 
Triassic is represented in this region is that a group of fossils found 
in a piece of limestone float were determined to be Triassic. 

During Mesozoic time, the most important event in this district 
was the intrusion of the great batholiths of the Coast Range. A 
study of the section across the axial mass of the Coast Range itself 
shows that the mass is not a simple batholith, but is made up of 
successive intrusions along the same general line of weakness in the 
earth's crust. On the outlying islands granitic masses, which are 
much altered and contain many shearing planes, are invaded by 
granitic intrusives only slightly altered, which in turn are intruded 
by pegmatitic dikes and masses. Between these successive intrusions 
considerable time probably elapsed. The main folding and tilting 
of the bedded rocks referred to above probably preceded the actual 
invasion of the granodioritic rocks, as suggested by A. C. Spencer.'' 
This is based on the fact that their lines of intrusion are in a broad 
way parallel to the bedding planes and schistosity of these older 
rocks, also on the fact that a few inclusions of schist fragments occur 
within the intrusive massif. In order to control thus effectively the 
lines of intrusion of the granodiorites, the invaded sedimentaries 
must have been highly tilted previous to the time of igneous intru- 
sions. 

From observations made in southeastern Alaska and elsewhere it is 
evident that the geologic processes which combined to produce these 
vast intnisions and structural phenomena acted very slowly and over 
long periods of time. Though the Coast Range intrusion is generally 
considered as having occurred at one period, which is undoubtedly 
true for limited areas, it is probable that in southeastern Alaska at 

•HrookR, A. H.. Ketchikan raininj? district: Prof. Paper V. S. (iool. Survey No. 1, VM'J, 
pp. 22-28. 

*P.un. IT. 8. Ut^ol. Survey No. 2S7, lOOO, p. 10. 
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least consitknable time intervened between tlie first granite invasion 
and final solidification of the last intrusive masses. Though it is not 
possible now to refer these granitic intrusions in this province to a 
definite geologic horizon evidence from adjacent provinces indicates 
that they continued at least to late middle Jurassic time. These in- 
vasions of igneous material were evidently the cause of the vast 
amount of metamorphism and deformation of the sedimentary strata 
along their contacts. It is also probable that the formation of many 
of the ore deposits occurred just after these igneous invasions, the 
intrusive containing the material for the ore. The transfer of igneous 
material to points nearer the earth's surface naturally produced 
strains in the earth's crust which found relief in cracks and fissures 
.and along lines of brecciation, as well as at the contacts of the in- 
trusives. The lines of weakness thus formed furnished channels of 
free circulation for mineralizing solutions, which are believed to have 
l)een derived for the most part from the igneous masses themselves 
and to have been given off during the process of solidification.** 

A i^eriod of erosion appears to have followed the intrusion of the 
Mesozoic granite, and later another epoch of volcanism began. The vol- 
canic rocks of this later epoch are represented by tuffaceous deposits and 
lavas occupying considerable areas in the southern and western parts of 
Prince of Wales Island, w^here they lie on the eroded surface of the 
granite and are followed by or interstratified with deposits of clastic 
rock. These rocks may be considered equivalent in a general w^ay to 
the sediments found north of this province on Admiralty Island, where 
banded calcareous slates carrying lower Cretaceous fossils occur.^ 
Tlie steeply tilted attitude and metamorphosed condition of these 
volcanics indicate that they were folded after their deposition and 
induration. The effect of the forces producing these structural 
phenomena appears not to have been widespread, as it did not modify 
to ajiy great extent the early Mesozoic folding which preceded the 
intrusion of the granite. 

After the deposition and folding of these Mesozoic strata a long 
period of quiescence appears to have ensued during which erosion 
probably was extensive. In late Ci^etaceous or upper Eocene time 
sedimentation tt)ok i)lace in local basins. These beds including fine 
conglomerate and shales with some lignite were subsequently tilted 
and faulted, but this disturbance was apparently local. Xo evidence 
of marine life has y^t l)een found in them and it is possible that in 
this section of Alaska they were fresh-water accumulations. They 
occur only locally near sea level and in low-lying valleys and basins 
practically inclosed by mountains of granite and older metamor- 



•Tho origin of tho ore deposit Is more fully discussod In the following pages under 
the heading of *' ()r«» deposits." 

*Bull. r. S. (ieol. Survey No. 287, im»r,, p. 144. 
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|)hosed rocks. These beds represent the most recent sedimentary 
formations of the Wrangell and Ketchikan districts and subsequent 
to their deposition wide areas of land were flooded by basaltic lavas 
which poured forth through fissures in enormous volume. These 
lava flows are flat-lying and on Kuiu Island attain a thickness of 
over 1,500 feet They. were probably extruded at the close of the 
Eocene. 

A large part of the Tertiary sediments may have been subsequently 
removed by erosion, for there must have been a long period of 
quiescence after their deposition and deformation. The next impor- 
tant event in the region was the development of the ice sheet which 
covered the entire district under consideration. Its retreat left the 
topography in essentially its present form. After the retreat of 
the ice some lava sheets were locally erupted. 

ORE DEPOSITS. 

GENERAL DISTRIBUTION OF MINERALIZATION. 

In the foregoing pages the geography and geology of the districts 
have been described, especially with reference to their bearing on the 
character and distribution of the ore deposits. As a whole the Ketch- 
ikan and Wrangell districts owe their present economic importance 
mainly to the ores of copper, the occurrence of other minerals being 
commercially of minor significance. Gold alone is mined at several 
places, but the copper ores afford a more important source of gold. 
Deposits of silver-lead ores are being developed in both districts, but 
the production from such properties has been small. 

MINERALIZATION IN THE COAST RANGE INTRUSIVE BELT AND ADJACENT 

SCHISTS. 

Within the mainland belt, which includes the eastern portion of 
Revillagigedo Island in the Ketchikan district, mineralization is 
:^»ttered both in the granitic intrusives and the adjacent schists, but 
mineralized zones, corresponding to those in the Juneau gold belt to 
the north, are less strongly marked. Quartz veins and metallic im- 
pregnations are found only locally, and prospecting has revealed 
comparatively few valuable ore deposits in the areas covered by these 
rocks. Explorations have been confined, however, mainly to the 
shores of the deep narrow fiords, from which the mountains rise 
abruptly to high altitudes. Steep, forest-covered slopes make pros- 
pecting difficult and have restricted the knowledge of the greater por- 
tion of the schist belt to the vicinity of salt water. The ore bodies 
thus far disclosed have been developed near Smeaton Bay in Behm 
Canal; at Sealevel, on the northeast side of Thorne Arm; and near 
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tlie head of Carroll Inlet in the Ketchikan district. For the most 
part they consist of simple veins in fissures and lode deposits of com- 
plex composition. They contain only moderate values in gold. In 
the Wrangell district the schists and argillites near the Coast Range 
intrusives are less highly metamorphosed than those to the south; 
moreover, their northwest trend and northeast dip are more uniform. 
The structural relations resemble somewhat closely those of the Ju- 
neau district to the north, where distinct belts of mineralization have 
been traced for many miles. In the Wrangell district such a belt 
has been observed along and near the contact of the Coast Range 
granodiorite. The Groundhog and Glacier Basin groups of claims 
are located in this belt, which is characterized by veins rich in argen- 
tiferous galena. Prospects similarly situated with respect to the 
gi'anite have also been located near Thomas Bay in this district. 

MINERALIZATION IN THE SLATE-GREENSTONE BELT. 

Ore bodies of considerable importance have been developed in 
the slate-greenstone belt, which borders Tongass Narrows, includes 
the western portion of Cleveland Peninsula, and extends north- 
ward along Duncan Canal. They are largely lode deposits or min- 
eralized bands, within which the greenstone-schist country rock has 
been sheared and fissured and then permeated by the mineral-bear- 
ing solutions. In these mineralized bands or lode deposits the coun- 
try rock has a bleached appearance and is impregnated with small 
cubes of pyrite and other sulphide ores. Locally narrow seams of 
massive sulphide ore are found and native gold is often visible in 
the vein quartz or as thin films or flakes along the jointing cracks 
and slipping planes. Besides gold and small values in silver, copper 
also occurs in limited amounts in some of the deposits of these rocks. 
The principal lode deposits of this type are in the Goldstream mine 
on the east side of Gravina Island, the Old Glory mine on Cleveland 
Peninsula, and the prospects on Portage Mountain at the head of 
Duncan Canal. 

Though quartz veins are prominent throughout the slate-green- 
stone belt, some of which show particles of native gold, most of them 
are too small or the gold content is too low to pay for mining. 
Veins of sufficient size to be mined separately have been located at 
the (rold Standard and Gold Mountain groups of claims on Cleve- 
land Peninsula, at the Hoadley claims 3 miles north of Ketchikan 
on Revillagigedo Island, and at several points along the east shore of 
Gravina Island in the Ketchikan district, and on Woewodski Tsland 
in the Wrangell district. Gold is the important metal of these vein 
deposits. 
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MINERALIZATION ON FRINGE OF WALES ISLAND AND THE SEAWARD 

ISLANDS. 

(h\ Prince of Wales Island the regularity of the rock structure is 
locally interrupted by the broad and irregular intrusive areas of 
-granitic ix)cks, and for this reason the ore bodies are not traceable 
along definite zones. Mineralization in general is closely related to 
the intrusive rock masses, and many of the deposits are at the con- 
tacts of the intrusives, or in their vicinity. 

The copper ores generally favor contact aureoles adjacent to the 
^nodiorite or syenite intrusives. They occur as large lenticular 
bodies and as veins of nearly massive sulphide ore, composed of 
pyrite, chalcopyrite, magnetite, and pyrrhotite in a matrix of garnet, 
<jiiartz, calcite, and other gangue minerals. Such deposits are 
found in the vicinity of Hetta Inlet and on Kasaan Peninsula. 
Bodies of copper ore inclosed in a greenstone-schist country rock, 
Iwjth in the form of lenticular masses and as veins, occur at Niblack 
Anchorage, the head of North Arm, and in Hetta Inlet. Bornite 
and ehalcopyrite occur in small patches disseminated locally in the 
irranitic intrusives and are being explored on the Goodro claims to 
the northeast of Karta Bay. 

On Prince of Wales Island gold occurrences are principally con- 
fined to the limestones and phyllites and are being mined in the vicin- 
ity of Hollis, on Cholmondeley Sound, and at Dolomi. At these 
points the gold occurs in veins of quartz and in lodes following lines 
of brecciation in the limestone. It is commonly present in the native 
fonn and is in many places accompanied by considerable amounts 
of silver and copper. The principal ore minerals are pyrite, galena, 
>^phalerite, and tetrahedrite. 

Auriferous veins in the granitic intrusives have been- located and 
partially developed on Granite Mountain to the west of Karta Bay, 
at several points in the vicinity of Shakan, and at Ratz Harbor in 
Clarence Straits. These instances emphasize the fact that the gran- 
itic areas are not always barren of ore, as is often presumed. 

Ores of silver, lead, and zinc have been observed at several local- 
ities on Prince of Wales Island, though the only deposit being de- 
veloped is on the Moonshine claim, in Cholmondeley Sound. At this 
place the ore occurs in a well-defined vein traversing the limestone 
and greenstone schist country rock. 

On Dall Island, southwest of Prince of Wales Island, auriferous 
quartz veins and belts of schists impregnated with gold-bearing sul- 
phides have been partially developed at Dakoo Harbor, 2 miles north 
of Cape Muzon. Deposits of ehalcopyrite ore are being investigated 
near Sea Otto Harbor, on the west side of the island. At Mount 
Vesta, on the east side, veinlets of tetrahedrite and galena ore occur- 
ring in a limestone belt were observed. r^^^^T^ 
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On Baker Island, north of Dall Island, quartz veins in a granitic 
intrusive belt have been prospected to a large extent, but with little 
success. Chalcopyrite, associated with pyrrhotite, has been discov- 
ered at the granitic contact on the north end of Noyes Island, but is 
yet to be developed. 

The deposits on Coronation Island, which have incited considerable 
mining interest the last few years, are replacement deposits of galena 
ore in limestone. They are irregular in occurrence and not of great 
extent. Granite intrusives were observed in the vicinity and the 
deposits are probably genetically related to them. 

On Kuiu Island, the second largest island in the Wrangell district, 
metalliferous deposits have not been found. This may be attributed 
to the absence of intrusive rocks on the island, only one small area, at 
Washington Harbor, having been observed. 

PRINCIPAL CHARACTERISTICS OF ORE DEPOSITS. 
GENERAL STATEMENT. 

In the Ketchikan and Wrangell districts four general types of ore 
deposits have been recognized, vein deposits, breccia veins, lode de- 
posits, and contact deposits, the latter being of greatest importance. 
Deposits of a character intermediate between these general classes 
also occur and their peculiar features are discussed in the detailed 
descriptions. The distinctive characteristics of the different miner- 
als contained in the ore deposits are considered separately under 
** Character of minerals.'- Placer deposits, from which the greatest 
percentage of gold is derived, have not been developed in this section 
of Alaska. 

VEIN DEPOSITS. 

The term " vein deposit " is here applied to any mineral mass or 
aggi'egate occupying a fissure or fracture in the rocks. In this I'e- 
gion they are usually made up of auriferous quartz and calcite, with 
a small percentage of metallic sulphides, but veins of nearly masi?ive 
sulphide ore rich in copper, or in some instances containing lead and 
silver, are also present. The vein deposits occur in practically all 
of the older rocks of the district, including tlie intrusives, but ai'e 
rarely found in late Mesozoic rocks and have never been observed 
in the Tertiary sedimentaries or eruptives. These fissures were pri- 
marily due to strains in the earth's crust, which may be ascribed to 
earth movements at present but imperfectly understood. These 
cavities were natural conduits for the circulation of mineralizing solu- 
tions, which contained large amounts of quartz, lime carbonate, metal- 
lic sulphides, and other minerals. The solutions were probably 
heated, and as they ascended through the fissures the conditions of 
solution changed and the contained minerals were deposited, thus 
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forming the veins. The origin of the mineral solutions is specula- 
tive, but the intrusive rock masses are probably the source, because 
there is no evidence of mineral deposits formed previous to their 
invasion, or in the subsequent rock formations. 

In their form and mode of occurrence the veins exhibit much irregu- 
larity. Those that traverse the foliation of the schistose country 
rock obliquely are in many places more strongly developed and 
better defined than those that parallel the rock structure. They vary 
in width from a few inches to 10 feet or more, and are usually less 
than a thousand feet in horizontal extent, though a few veins are 
several thousand feet long. It is notable that while portions of a 
vein contain high values, other portions are practically worthless, 
and that the richer portions or pay shoots usually follow certain 
lines pitching at variance with the dip of the vein. Instances of 
such pay shoots were noted at the Sea Level mine on Bevillagigedo 
Island, at the Gold Standard mine on Cleveland Peninsula, at the 
Crackerjack mine near Hollis, and at other minas. 

Few of the veins show signs of surface oxidation of the minerals. 
Their croppings expose the unaltered sulphide ore, usually pyrite, 
and only rarely has this been oxidized to limonite so as to form an 
iron cap or gossan. Secondary enrichment is entirely absent in the 
fissure-vein deposits. If such enrichment existed previous to the 
glacial epoch it was scoured away by the moving ice streams. More 
recent weathering has affected the rocks to only a slight depth. 

Most of the veins dip steeply or stand nearly vertical. At the 
time the veins were formed the present outcrops were probably sev- 
eral thousand feet below the earth's surface, and since they were 
formed from material derived from still greater depths, it may be 
surmised that similar veins will extend to considerable depths, 
though individual veins may be cut off by faults or by a gradual 
wedging of the inclosing fissure. 

The walls or country rocks are everywhere considerably altered 
and in some places consist entirely of metamorphic minerals, in- 
cluding epidote, chlorite, mica, quartz, and calcite. Metallic min- 
erals in many places impregnate the vein walls, and in certain locali- 
ties the rock adjacent to the vein constitutes a part of the ore. 

BRECCIA VEINS. 

The term breccia veins is here used to designate massas of breccia 
rock occurring in more or less tabular form which have been infiltrated 
and impregnated by quartz and metallic sulphides. Limestones and 
-schists are the usual inclosing rocks, and in these the veins are either 
parallel to the bedding planes or crosscut them at narrow angles. 
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Deposits of this sort are found at Dolonii and in Cholmondeley Sound, 
on the east side of Prince of Wales Island. At Dolomi the Valpa- 
raiso, Paul, and Jessie veins are typical of these brecciated vein 
deposits, and in Cholmondeley Sound the Gladstone and Equator 
veins are most typical. These veins range from 2 to 10 feet in width 
and many of them are traceable for 1,000 feet or more. Quartz 
forms the cementing material between the brecciated limestone frag- 
ments, and to some extent has replaced the rock itself. Sulphide 
minerals carrying the gold values are contained in the limestone frag- 
ments as well as in the quartz, and to a less extent in the unbrecciated 
rock adjacent to the vein. Because of this replacement of the inclos- 
ing rock and the lack of definite walls, it is sometimes difficult to 
determine the lateral limits of the ore, and assays of the rock are 
necessary. In some places, as was noted in the Valparaiso vein, the 
walls are defined by narrow veins of massive quartz 1 to 2 feet in 
width, with 4 to 6 feet of brecciated ore between. These quartz 
veins were separated from the intervening breccia by thin seams of 
gouge matter, indicating movement of the walls subsequent to their 
deposition. Gold is the principal metal contained in these deposits 
and is largely free-milling. Pyrite, chalcopyrite, tetrahedrite, ga- 
lena, sphalerite, and arsenopyrite occur in varying amounts in most 
of these veins. Surface weathering has oxidized the surface out- 
crops, in places to a depth of several feet, forming a gossan com- 
posed of limonite, hematite, malachite, azurite, and other minerals. 
In these breccia veins the richer ore generally occurs in the form of 
shoots, pitching at an angle to the dip of the vein. 

LODE DEPOSITS. 

The type of mineral deposit here defined as " lode " consists of 
bands of schistose rock intersected by veinlets of quartz and calcite 
and impregnated with metullic sulphides. These lodes may vary 
from 5 to 50 feet in width, and are usually of great persistence both 
in length and depth. They invariably follow the structure of the 
inclosing rock, and the ore is of more uniform grade in them than 
in the fissure veins. Gold, which is the principal metal in them, is 
confined largely to the quartz and calcite veinlets. The lode deposits 
are not so important in this region as in the Juneau district <» to the 
north. This type of mineralization is most prominent in the slate- 
greenstone belt, and ore bodies of this sort are being mined at the 
Keystone claim on Cleveland Peninsula and at the Goldstream mine 
on Gravina Island. At these localities the inclosing rock is a green- 
stone schist, which within the lodes is changed to a soft grayish or 
pale-greenish rock, consisting chiefly of carbonates of lime and mag- 

« Spencer, A. C, The Juneau gold belt : Bull. U. 8. Geol. Survey No. 287, 1906. 
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nesia, with sericite and some chlorite. The metallic sulphides, essen- 
tially pyrite with some chalcopyrite, are finely disseminated through- 
out the rock and amount to about 3 to 6 per cent. The lateral limits 
of the deposits are not sharply defined, and in the altered country 
rock the mineralized portion gradually changes to the unmineralized 
schist. 

The origin of the lode deposits is believed to have been similar 
to that of the fissure veins. Mineral solutions of magmatic origin 
permeated and altered the schists, and deposited in them the sulphide 
minerals. The rocks were then fractured and veinlets or stringers 
of quartz and calcite were deposited. Subsequent movements have 
caused slipping and shearing planes within the lodes, but large trans- 
verse faults were not observed. 

Surface waters and other surface agencies have had practically no 
effect upon this type of deposit since the glacial epoch, and secondary 
enrichment does not occur. 

CONTACf-METAMORPHIC DEPOSITS. 

Among the most valuable mineral deposits in the region are the 
contact metamorphic deposits, which are largely developed on Prince 
of Wales Island. This term is here restricted to those mineral veins 
or ore masses which have been formed by contact metamorphic 
agencies and which carry the minerals characteristic of such action. 
A contact metamorphic deposit must, therefore, be in the vicinity 
of an intrusive rock but not necessarily at its contact. Such deposits 
occur mostly in limestone or calcareous rocks usually within 1,000 
feet of the intrusive rock masses. They are believed to be of mag- 
matic origin and to have been formed by gaseous and aqueous emana- 
tions given off from the igneous intrusive during cooling and solid- 
ification. As lime carbonate is a ready precipitant of these mineral 
j^lutions, the largest ore masses are usually formed at points where 
limestone is the intruded rock. 

The characteristic minerals associated with the contact meta- 
morphic deposits are chalcopyrite, pyrrhotite, pyrite, and magnetite 
in a gangue of garnet, epidote, calcite, quartz, amphibole, woUasto- 
nite, and several rare minerals. These minerals are admittedly the 
typical products of contact metamorphism, and their nature and 
intergrowth show that they result from the action of hot solutions. 
Minera logically they differ from the ores of other deposits, especially 
in the contemporaneous formation of oxides and sulphides, princi- 
pally of iron, and in their association with the various lime-silicate 
minerals enumerated above. Within these contact aureoles the min- 
eral deposits assume many forms. They occur not only as veins 
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filling fissures a few hundred feet in length, crosscutting the intruded 
rock beds, but also in the intrusive mass itself, and as banded re- 
placement deposits, where mineral deposition has taken place along 
the bedding planes of a quartzite country rock and the intervening 
bands have been more or less completely replaced by vein material. 
Of greatest importance, however, are the masses composed largely 
of metallic sulphides and magnetite. These ore bodies are irregular 
masses ranging from 20 to 200 feet in lateral dimensions and from 
100 to 300 feet in depth. Such deposits are largely developed at 
Copper Mountain and on Kasaan Peninsula, both localities on Prince 
of AVales Island, and their characteristics are discussed under the 
detailed descriptions. 

CHARACTER OF ORES. 

The important ores of the Ketchikan and Wrangell districts are 
not. of great variety and their association is not unlike that of the 
other lode-mining areas in Alaska. Most of the ores are primary 
sulphides; the only recognized ores of secondary origin which cx^cur 
in commercial amounts are the copper carbonates at Copper 
Mountain. 

COPPER ORES. 

The principal copper mines in the region are developing deposits 
of a low-grade copper-iron sulphide ore which can be profitably 
exploited only by extreme economy in extraction. In certain in- 
stances the accessory gold content of $1 and $2 is depended on to raise 
the total value of the ore above the commercial limit. The copper 
ores generally contain high percentages of iron and lime and are 
classed as " base ores " by the smelters. Therefore, to acomplish 
their reduction, it is necessary to mix them with siliceous or quartz 
ores. The lack of available siliceous ore has been a serious handicap 
to the smelters of the district. Increasing the value of the copper 
ores by concentration alone would in most cases be of little advan- 
tage, both because of the high percentage of iron minerals and 
because only the lighter siliceous minerals would be separated, which 
are necessary as a (tax. In some instances, however, a grinding and 
treatment of the ores in a magnetic separator might be done to 
advantage. 

These facts are clearly brought out in the following table, which 
shows the composition of the gangue content of the ores from the 
principal mines, as determined by smelter assays. 
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Smelter assays of ores from copper mines in the Ketchikan district.^ 



Name of mine. 


SiOs 
(siUca). 


(iron). 


CaO 
(lime). 


8 
(sulphur). 


AI2O8 
(alu- 
mina). 


MgO 
(mag- 

nesia). 


Zn 
(zinc). 


Mamie mine: 


on A 


17.5 
47.8 
84.1 
42.8 
35.6 
28.3 
24.6 
18.4 
37.0 
8.6 

17.3 
27.2 


10.4 
2.7 
7.6 
.4 
6.8 
7.0 
1.0 

]:l 
1.8 

12.1 
1.6 


5.9 
6.8 
6.9 
4.3 
6.2 
8.0 
22.8 
14.8 
41.0 
7.4 

.8 

22.6 


17.2 
7.7 
11.7 






Baaeore. 10 a 








16.4 
15.2 




Monnt AndTcw mine 


1 _____ 


Karta Bay mine 


i 16.5 
\ 19.6 
] 27.2 
\ 41.8 
12.0 
74.2 

87 7 






Xiblackmine _ 


5.6 
7.8 
4.0 
1.1 

12.0 
4.36 


1.2 
3.9 
TV. 


1.0 
1.9 


Omar Kliayyam mine 

Cymni mine 

Copper Momitain mine, aur- 
f see ore 








Copper City mine 


12.4 




8.4 







• The above assays were kindly furnished to the writers by the Alaska Smelting and Refining 
Company and by the Tacoma Smelter. 

The preceding analyses, though incomplete, show the relative basic 
and siliceous content of the ores. The portion of the analyses not 
given represents the moisture (HjO), the carlpn dioxide (COa), the 
undetermined elements, including the alkalies contained in the ores, 
and also their content of precious metals. 

GOLD ORES. 

Although gold is distributed through all the older rock formations 
within the region, the localities which show sufficient concentration 
of auriferous minerals to make workable ore bodies are relatively few, 
and the values found are usually low. The low cost of transportation 
and the available water power, however, make it possible at many 
places to extract the ores at a profit. 

The gold mines operating in the Ketchikan and Wrangell districts 
are producing a free-milling ore, i. e., an ore from which the greater 
percentage of the gold content may be extracted by amalgamation. 
Some of these ores have been shipped to the smelter, but unless the 
charges for reduction are exceptionally low it would appear that the 
ores should be concentrated and these concentrates alone shipped to 
the smelter. The amount of concentrates derived from the gold ores 
seldom exceed 5 per cent. ' 

ORE MINERALS. 



NATFV'E MINERALS. 



Gold. — Gold, the only native metal found in commercial quantities, 
occurs in vein and lode deposits. Small quantities of gold are also 
present in the alluvium, notably that of Stikine and Unuk rivers. 
Visible particles of gold are scattered through the vein quartz and as- 
sociated with pyrite to some extent in the adjacent country rock at 
Cracker jack and Puyallup mines near HoUis, at the Gold Standard 
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xnine on Cleveland Peninsula, at the Hoadley group just north of 
Ketchikan, at Sealevel in Thome Arm, and at other points. Gold is 
also found in small particles associated with galena and sphalerite 
in narrow seams and in the form of thin flakes along jointing and 
slipping planes in the lode deposits -at the Gold Stream mine and 
other localities. In the breccia deposits at Dolomi many of the veins 
show native gold associated with secondary minerals, such as limo- 
nite, malachite, and azurite, apparently derived from original sul- 
phide ores by weathering. In many of the deposits, however, the gold 
is contained largely in sulphide minerals, and its association with the 
sulphide, usually pyrite, is so intimate that fine milling and amalga- 
mation fail to extract the metal. Many of the sulphide concentrates 
from these ores contain from 5 to 10 ounces of gold. 

Copper. — ^Metallic copper was observed at the surface croppings 
of the copper deposits at the head of Duncan Canal, at Copper 
Mountain, at Skowl Arm, at Cholmondeley Sound, and on Kasaan 
Peninsula. In this relatively rare mode of occurrence the copper is 
in thin sheets along clay seams or slipping planes and has been de- 
rived from the alteration of chalcopyrite. 

SULPHIDES, TELLURIDES, ARSENIDES, ETC. 

CMleopyrite. — Chalcopyrite, which forms the bulk of the copper 
ores of the districts in all the various types of deposits, is composed 
of the sulphides of copper and iron and when pure contains 34.5 per 
cent of copper. It occurs associated with pyrite, pyrrhotite, and 
magnetite in a gouge composed of garnet, epidote, quartz, calcite, and 
amphibole minerals and in quartz veins with galena and zinc blende. 
Chalcopyrite associated with biotite and amj^hibole has also been 
found finely disseminated in the intrusive rocks, but in these cases it 
was evidently not an original mineral of the rock. 

As platinum has been found in association with chalcopyrite ores 
elsewhere, it seemed desirable to test these ores for this metal as well 
as for their gold content. Large samples of chalcopyrite ore as nearly 
pure as possible were taken from three mines and analyzed by Mr. 
Locke with the following results : 

Analyses of chalcopyrite ores, 
[Analyst, Locke.] 



Sample number. Locality. 



1 Mamie mine, Ketchikan district 

2 Steveustown mine, Ketchikan district 

3 Mount Andrew mine, Ketchikan district- 



Platinum. Qold. 



Ounce Ounce 

per ton. per ton. 

None. O.M 

None. .06 

None. .OB 
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These analyses did not reveal a perceptible amount of platinum in 
the chalcopyrite, yet showed a gold value of from $0.80 to $1.60 per 
ton. 

Bomite. — Bornite is also a copper-iron sulphide containing 55.5 
per cent copper, and may be easily recognized by its iridescent or 
copper-red color. It has been found only at the Goodro prospects 
on Prince of Wales Island, where it is distributed in small particles 
and masses associated with chalcopyrite, secondary biotite, and epi- 
dote near the contact of a basic dioritic intrusive. 

Pyrite. — The most common metallic sulphide known in the region 
is pyrite. It is present in the form of small but perfect cubes through- 
out the metamorphic schists, slates, and greenstones, and is finely dis- 
seminated in the igneous rocks. Alone it is of little commercial value, 
but where associated with gold it may form a valuable ore. Auri- 
ferous pyrite, which constitutes the larger percentage of the ore con- 
centrates, is supposed to be a mechanical combination by which the 
gold is distributed throughout the pyrite .in minute films and parti- 
de.s, which, however, can not be separated by the usual method of 
amalgamation. Pyrite in a pure state contains 53.4 per cent of sul- 
phur and is the raw material for the manufacture of sulphuric acid. 
At one locality, Skowl Arm, where large bodies of this sulphide oc- 
cm-, the advisability of mining pyrite for its sulphur content, which 
amounts to about 40 per cent, is being considered. 

Pyrrhotite. — The mode of occurrence of pyrrhotite is similar to 
that of pyrite, but it is not so broadly distributed. It is a sulphide of 
iron containing less sulphur than pyrite and may be distinguished by 
its darker bronzelike color and its magnetic properties. Pyrrhotite 
is largely developed in all of the copper contact metamorphic de- 
posits and occurs finely disseminated in the intrusives near their 
contacts. 

Some pyrrhotite ores elsewhere contain nickel in sufficient amount 
to form a nickel ore. For this reason and because some masses of 
this mineral were reported to contain large amounts of cobalt, samples 
of nearly pure pyrrhotite were taken from three localities and sub; 
mitted for the determination of their nickel, cobalt, platinum, and 
gold content, with the following results: 



AnalyHCH of pyrrhotite ores. 
[Analyst, (Jeorge Steiger, U. S. Geological Survey.] 



Sample namber. 


Locality. 


Nickel. 


Cobalt. 


Platinum. 

Ounces 
per ton. 
None. 

None. 

None. 


Gold. 


4_ 


Brown and Metz dafm. north end 
Nove« Island, Ketchikan district. 

Sultana dalm. north side Hetta 
Inlet. Ketchikan district. 

Iron Crown claim, Copper Moun- 
tain. Ketchikan district. 


Per cent. 
0.1 to 0.2 

.1 to .2 

.Ito .2 


Trace. 
Trace. 
Trace. 


Ounces 

per ton. 

None. 


5. 

6. 


None. 
None. 




T 
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Galena. — The lead sulphide, galena, containing 86 per cent of lead 
and usually a small amount of silver, has been found at several local- 
ities. It occurs with sphalerite, pyrite, and tetrahedrite, and also 
with silver and gold in small amounts. Galena is the principal ore 
of the Moonshine prospect on Cholmondeley Sound, and at the 
Groundhog and Glacier basin prospects on the mainland east of 
Wrangell. At the Moonshine group of claims it occurs both in a 
coarse crystalline state and in a fine compact state, the latter being 
called "steel galena." To determine the relative amounts of silver 
contained in the two varieties the mine owners took samples which 
were assayed with the following results : ^ 

Analyses of galena. 



Fine-firralned compact galena ore.. 
Ooarse-firrained galena ore 



Silver. 



Ounctg 

per ton. 

17.6 

21.2 



Lead. 



Percent. 
66.6 
78.9 



The lead-silver ratio is practically the same in both cases. Galena 
also occurs in variable amounts, usually small, associated with the 
gold ores, at Dolomi, on Annette and Gravina islands, on Cleveland 
Peninsula, and at Thomas Bay. It is rarely present in the copper 
contact deposits. 

Sphalerite, — ^The mineral sphalerite, commonly- known as zinc 
blende or black jack, occurs under practically the same conditions as 
galena, with which it is usually associated, but at no place has it been 
found in sufficient quantity to make a zinc ore. Besides the localities 
mentioned where galena occurs it has been found in considerable 
amounts at some prospects on Beaver Mountain in Hetta Inlet and is 
present in the copper ores at Niblack and Copper City. 

Tetrahedrite, — Gray copper ore, as tetrahedrite is usually termed, 
is a copper-antimony sulphide which may be distinguished from 
sphalerite by its lack of cleavage and its dark brown to black streak. 
It has been found at Dolomi, on Annette Island and on Kasaan Penin- 
sula associated with chalcopyrite, pyrite, galena,* and sphalerite in the 
quartz veins inclosed in limestone. Tetrahedrite, though a copper 
ore, was not observed in the copper deposits, and it is important 
only because of the gold and silver which usually accompany it. 

Tetradymite. — A telluride of bismuth, called tetradymite, occurs 
with the gold ores at the Hoadley claims north of Ketchikan and 
at the mines on Cleveland Peninsula. It is a relatively rare mineral 
of a steel-gray color with a perfect basal cleavage and usually a 

" TheBe analyses were kindly furnished to the writer by Mr. Catlin, of Ketchikan. 
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prismatic form. It has been confused by the miners with petzite, 
the gold-silver telluride, a mineral which has not been observed in 
the region, though it may be present in some of the gold ores. 

Arsenopyrite. — A sulpharsenide of iron, called arsenopyrite, was 
observed in the quartz veins at several localities in small and unim- 
portant amounts. It may be distinguished from pyrite by its silver- 
white color. At the prospects in Thomas Bay it is found in consid- 
erable quantities containing gold values, and is associated with pyrite, 
galena, and some sphalerite. 

Molybdenite. — Flakes of molybdenite, molybdenum sulphide, are 
found in some of the quartz veinlets occurring in the metamorphic 
schists and the intrusives of the mainland. It also occurs in small 
amounts in some of the contact metamorphic deposits on Prince of 
Wales Island. A small vein showing a considerable amount of this 
sulphide was observed in the schists on the north end of Noyes Island. 
Molybdenite is one of the rare minerals of this region, and so far as 
known does not occur in commercial amounts. It is a soft, flaky 
mineral with metallic luster resembling graphite, but having a bluer 
tinge. 

OXTDES, CARBONATES, AND SILICATES. 

Magnetite. — ^The principal occurrence of the magnetic oxide of iron 
is in association with the copper deposits. At the copper mines in 
Kasaan Peninsula magnetite forms about half of the ore mass and 
occurs in large amounts in some of the deposits in the vicinity of 
Hetta Inlet. Minute grains and small octahedral crystals of mag- 
netite occur scattered through the ferromagnesian silicates and less 
plentifully through- the groundmass as an accessory constituent of 
the dioritic intrusives and the greenstones. Magnetite was not ob- 
served in the quartz veins, though it is present in many of the peg- 
matite dikes. At several places on Prince of Wales Island magnetite 
occurs in masses sufficiently high in grade to make an iron ore, though 
no attempt has been made to mine it as such. The presence* of chal- 
copyrite in these magnetite masses makes them important as copper- 
bearing deposits, though in many instances the content of the metal is 
not sufficient to insure profitable mining. The mode of occurrence of 
the magnetite, associated in maases with chalcopyrite and pyrite, 
shows that it was deposited under similar conditions, and that it is a 
primary ore mineral, as the latter evidently are. In the intrusives, 
however, it is apparently an original constituent of the rock. 

Hematite. — Hematite, also an oxide of iron, occurs in the form of 
specularite or micaceous hematite in the contact copper deposits, 
though only in minute scattered grains. At the Niblack mine it 
forms small masses accompanied by quartz in the ore bodies. It was 
not observed associated with the auriferous ores. 
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Limonite, — The hydrous iron oxide called limonite is an alteration 
product of iron minerals, most commonly of pyrite, and is found at 
many places, but nowhere in quantity. It occurs with the copper- 
carbonate ores on Copper Mountain and forms a shallow -capping 
on many of the pyritic ore deposits. 

Malachite, — The green carbonate of copper called malachite is 
usually found in small amounts at the croppings of the copper de- 
posits where limestone forms the inclosing rock. Its principal occur- 
rence is on Copper Mountain, where surface alteration has been 
extensive and formed small masses of this carbonate ore in the gar- 
net if erous and limestone gangue. The mode of occurrence is 
mostly in narrow seams or veinlets and as an incrustation or coating 
on the sulphide ores. Malachite is associated with limonite, chryso- 
colla, and small amounts of azurite. Its high copper content and the 
facility with which it may be reduced make it a very valuable ore. 

Azvrite, — Azurite, like malachite, is a carbonate of copper, but is 
distinguished by its deep-blue color. Only small amounts of this ore 
were observed, and it was always in association with malachite as a 
surficial alteration product of the sulphide copper ores. 

Clu'^ysocolla, — The hydrous silicate of copper, called chrysocolla, 
like malachite and azurite, has been found in quantity only at the 
Copper Mountain mine, w^here it is apparently confined to the sur- 
face workings and is of only minor importance as an ore. 

Quartz. — Quartz is the most common and most important gangue 
mineral in both the fissure and the lode deposits. It usually occurs 
as massive quartz and rarely in the form of crystals. At Dolomi in 
the A-eins along lines of brecciation in the limestone it forms the 
cementing material and has replaced to a large extent the sur- 
rounded fragments of the limestone. At Niblack in the copper de- 
posits it is associated w^th small amounts of hematite and forms 
what is termed " jasper ore." In the contact metamorphic de- 
posits it is present in only small amounts, generally crystallized and 
associated with epidote and garnet. Many of the crystals are doubly 
terminated and from 1 to 10 centimeters in length, many of them 
being twinned. They have formed subsequent to the crystallization 
of the epidote and garnet and are superimposed on them. 

Calcite, — Calcium carbonate, commonly known as carbonate of 
lime, has the most widespread occurrence of any gangue mineral 
except quartz. It is readily recognized by its perfect cleavage and 
its softness. Calcite is particularly prominent in the contact meta- 
morphic deposits and is associated with the galena ores. Where it 
was observed occurring w ith garnet and epidote it Avas invariably of 
later formation. 

Garnet, — In the Ketchikan district garnet forms the principal 
gangue mineral of the contact-metamorphic deposits and is confined 
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for the most part to the altered limestones near the intrusive con- 
tacts. Though it commonly occurs in massive form, it also appears 
in crystal aggregates usually of dodecahedral form embedded in the 
altered limestone. The separate crystals in cross section show a con- 
centric structure resembling banded agate, being made up of green 
and red bands, which probably represent a slight change in com- 
position during the growth of the crystals. In size the crystals range 
from 1 to 5 centimeters in diameter, the faces showing a subada- 
mantine luster, though in mass the garnet has the usual luster. To 
determine the variety of this garnet rock a sample was submitted 
for analysis, and the results, which were determined by W. T. 
Schaller, of the United States Geological Survey, are compared in the 
following table with garnet rock from other localities : 

AnaJyttcH of garnet occurring in contact metamorphic deposits, 
I Analysts: W. T. Schaller, 1; George Stelger, 2-4.] 





1. 


.. ;.. 


4. 


5. 


6. 


8I0». 


35.18 

6.16 

25.05 

.40 

.09 

33.36 

.42 

None. 


1 
36.26 1 37.79 
.78 ' 11.97 
82.48 .15.77 


87.15 


as .'i 


40 


AltOn 

PaiOs- 


6.98 1- 

19.40 ! .11.5 


22.7 


FeO. 


.32 1.31 






MgO 


None. .37 

29.67 32.57 

.67 .09 

None 






CaO_ _. 

H»0 


32.44 


33.0 


37.3 


TfOs 








Ca00»- 


None. 1 1 4.20 

.06 L 




■ 


P»0»- 









Iln0._ 




.27 .31 














1 1 




99.66 


100.86 100.18 


100.60 


100.0 


100.0 



1. Garnet rock. Jumbo mine. Prince of Wales Island. 

2. Garnet, Morencl, Aria., Prof. Paper U. S. Geol. Survey No. 43, 

3. Massiye brown garnet. White Knob, Idaho : Economic Geology, vol 

4. Garnet. San Jose. Mexico: Trans. Am. Inst. Min. Rng., vol. 30, p. 92. 

5. Typical composition of andradite. 

6. Typical composition of grossularlte. 



p. 134. 

)l. 2, No. 1, p. 7. 



From the above analyses it is evident that the greater per cent of 
the garnet associated with the contact-metamorphic deposits is an- 
dradite and not grossularlte, as has in many instances been supposed. 

The garnet masses are confined principally to the intrusive con- 
tacts with a limestone of nearly pure calcium carbonate, thus suggest- 
ing that a vast amount of foreign material must have been brought 
in along the intrusive contacts to have produced the garnet masses. 
Where the intrusives invade a quartzite country rock, the garnet 
forms bands interstratifying the siliceous beds, and many of these 
mineral bands extend thousands of feet from the contacts. At 
Copper Mountain this mineral forms a massive belt 20 to 50 feet 
wide between the intrusive diorite and the limestone country rock, 
and occurs in veins crosscutting the limestone beds and penetrating 
the intrusive rock. Included in the garnet masses are crystallized 
particles and small masses of chalcopyrite, magnetite, pyr^hotite, and 
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rarely pyrite, all of which, combined as they are, constitute the copper 
ore. 

The almandite variety of garnet occurs in great abundance in the 
mica and chlorite schist near the mouth of the Stikme River. The 
crystals are from 1 to 4 centimeters in diameter, usually of dodecahe- 
dral form, with trapezohedral truncations. Though abundant, this 
mineral has not been extensively cut as a gem stone on account of its 
being too opaque and because of numerous fractures or flaws in the 
crystals. 

Epidote. — A calcium-iron-aluminum silicate, called epidote, occurs 
largely as an alteration product in the igneous rocks and as a gangue 
mineral in the contact-metamorphic deposits. As a mineral due to 
contact metamorphism it forms many large crystals associated with 
garnet quartz and calcite. Specimens of this mineral from the Green 
Monster copper claims were sent to the Harvard mineralogical labora- 
tory by Mr. W. C. Hart and have been described by Dr. Charles 
Palache.'' 

Wollastonite, — The metasilicate of calcium, woUastonite, was found 
forming radiating crystal clusters in the limestone and quartzites 
a short distance fropi but not at the intrusive contact. It belongs 
with the contact-metamorphic minerals of the region, but its occur- 
rence away from the contact suggests that the conditions necessary 
for its formation were not so intense as those required to produce 
the garnet and epidote which occur at the contacts. 

Scapolite, — Like woUastonite, scapolite occurs in the vicinity of 
the ore deposits and is a calcium-aluminum silicate containing soda 
and chlorine. It dccurs in prismatic crystals an inch or two in length 
with rough, uneven faces and is from white to gray in color. It was 
found only in the vicinity of the Copper Mountain deposits and is 
not of common occurrence. 

Amphihole, — The hornblende variety of amphibole, a calcium-mag- 
nesium-iron silicate, is a prominent gangue mineral in some of the 
contact-metamorphic deposits. At the Stevenstown mine it was 
observed to form radiating crystal clusters in the inclosing altered 
schists and was intimately associated with garnet and chalcopyrite. 
It is also present in the ore deposits at the Mount Andrew and Mamie 
mines. The tremolite variety, calcium-magnesium silicate, occurs as 
a metamorphic mineral in some of the limestone beds, notably in the 
Ham Island marble deposits in the Wrangell district. 

Feldspar, — The presence of feldspar in small amounts was noted 
in several of the vein deposits, more especially in those occurring in 
the band of crystalline schists, and is of interest because of its prob- 
able relation to the granitic intrusives. The variety is mainly that 

« Proc. Am. Acad. Arts Sci., vol. 37, No. 19, March, 1902. pp. 531-^35. 
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of albite, which occurs in the quartz veins on the Lon de Van claims 
at the head of George Inlet, at the Birdseye claim to the south of 
Ketchikan, and at other localities. At the Goodro prospects near 
Karta Bay albite is found as a vein mineral in the copper deposits 
associated with secondary biotite and epidote. 

Biotite. — ^Flakes of biotite, commonly termed black mica, were 
noted rarely in some of the vein deposits. At the Lon de Van pros- 
pect mentioned above it is associated with secondary albite and at 
the Goodro prospects it is a prominent mineral constituent of the 
copper ores. Its presence in these deposits suggests that conditions 
of moderately high temperature existed during the ore deposition. 

Clinochlore, — Clinochlore, a soft bluish-green micaceous mineral, 
was observed in considerable amounts occupying small druses and 
finely disseminated in some of the copper-bearing magnetite deposits 
on Kasaan Peninsula. 

DETAlIiEl) DESCRIPTIONS OF MINES AND PROSPECTS. 

. GENERAL STATEMENT. 

A great many prospects and mine workings of moderate extent are 
located in the Ketchikan district, but the developed and producing 
mines are few. During the few months devoted to field work in this 
region nearly 200 localities were examined, including all of the 
important mines and prospects. In the following descriptions the 
properties are grouped first according to their chief metal content and 
then taken up in geographic order. Copper is and probably will be 
the principal metaL product of the district and is therefore considered 
first, followed by gold and the less important metals. The geology 
of the region as a whole, the relations of the ore deposits, and the 
mode of occurrence of the minerals have been discussed in the fore- 
going pages, and while consulting the following detailed descriptions 
these general descriptions should be kept in mind. In the following 
pages one of the principal typical deposits of a locality is generally 
selected and described in considerable detail, and the other deposits 
are next discussed according to their importance and the degree in 
which they vary from the type deposit. At the clorfe of these descrip- 
tions the building stones and the mineral and thermal springs are 
discussed briefly. 

COPPER MINES. 
GEHEBAL STATEMENT. 

Copper does not occur uniformly throughout the districts. Irregu- 
lar lenses or masses of the ore are present in the altered greenstone 
schists at Niblack; in the vicinity of Copper Mountain and on Kasaan 
Peninsula they are found at the contact of granitic intrusives with 
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limestone and siliceous schists, and veins of nearly massive sulphide 
ore occur in a belt of slate-greenstone schist along the shores of Hetta 
Inlet and at the head of North Arm. In a general way these ore 
bodies are so irregular that the rule to observe in exploitation is to 
follow the ore and not drive long crosscut tunnels with the expecta- 
tion of undercutting the deposit in depth. The bulk of the copper 
ore is chalcopyrite and cupriferous pyrite, accompanied by magnetite, 
pyrrhotite, and other sulphide minerals. With one exception, car- 
bonate and oxide ores are practically absent,- and the zone of second- 
ary concentration or surface enrichment, prominent in most copper 
deposits, is wanting or is too small in extent to be important. In gen- 
eral it may be stated that where a sulphide ore is being mined in 
these districts the values in the ore will not decrease rapidly- with 
increasing depth. ^ 

HETTA INLET. 

GENERAL DESCRIPTION. 

All of the most important discoveries on the west coast of Prince of 
AVales Island are contiguous to Hetta Inlet, a deep embayment which 
is connected with the Pacific Ocean through Cordova Bay (see PL I). 
The increasing importance of this area led to the survey of the water- 
ways from the head of Hetta Inlet to the Pacific Ocean during the 
early part of 1905 by the Coast and Geodetic Survey. With the aid 
of the chart of this section ocean-going steamers may approach Cop- 
permount and Sulzer with safety. 

The head of Hetta Inlet is separated from the west arm of Chol- 
mondeley Sound by a low divide 4 miles across and less than 200 feet 
high. The Government has built a roadway between the two water- 
ways which permits the shipment of light freight and increases the 
mail facilities over this relatively short route from Ketchikan to 
Sulzer and Coppermount. Heavy freight and supplies are deliv- 
ered by vessels from Puget Sound, which occasionally call at the 
mining camps along the inlet, and by small steamers from Ketchikan, 
a distance of 100 miles by water. 

The shores of Hetta Inlet, like other parts of the coast, rise precipi- 
tously from the water's edge, and the main channel and the harbors 
are deep. The steep mountains terminate in peaks from 2,500 to 3,800 
feet in elevation, many being less than than a mile from tide water. A 
luxuriant growth of timber and vegetation extends to an altitude of 
2,000 to 2,500 feet, and above this the mountains are bare, permitting 
broad views of the surrounding region. Many inland lakes are in- 
cluded in the area, and their outflowing streams furnish abundant 
water power the year around. This advantage and the accessible 
supply of timber are exceptionally favorable for mining. 
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GEOLOGY. 



The accompanying sketch map presents the geologic relations as 
well as the positions of the mines (PL IX). An intrusive stock or 
boss of granodiorite 8 miles wide occupies the central part of the field 
and is surrounded by irregular areas of limestone and quartzite. The 
geologic age of these bedded rocks is Paleozoic. The determination 
is based wholly on their lithologic and structural features, as no 
fossil evidence was obtained. The limestone has been so completely 
metamorphosed to coarsely crystalline marble that its bedding planes 
are no longer apparent. The quartzites, which have a schistose and 
wrinkled structure, overlie the limestone and are in turn overlain by 
a wide belt of greenstone schists, which border the shores of Hetta 
Inlet. The general strike is N. 15° to 45° W., and the dip is steep 
to the west, though this has been interrupted in the vicinity of the 
intrusive granite boss where the stratified rock beds are usually par- 
allel to its contact. Small areas or patches of limestone occur within 
the granodiorite area where erosion was not sufficient to remove them. 
The coarsely crystalline character of the intrusive and the alteration 
of the limestone at points distant, from the contact indicate that these 
rocks were deeply buried at the time of metamorphism and are a 
measure of the extent of subsequent erosion. 

After the erosion of the granodiorite and after the deposition of the 
ore bodies, dikes, usually narrow, of diabase and diorite-porphyrite 
were injected. These dikes have no bearing upon the vein deposits 
except at those places where they crosscut them along lines of frac- 
ture, as at the Copper City and Corbin mines. 



ORE DEPOSITS. 



Distinhution, — The principal ore bodies in Hetta Inlet are on the 
Copper Mountain, Jumbo, Houghton, and Green Monster groups of 
claims, and are contact metamorphic deposits, confined principally to 
the aureole of the granodiorite in either limestone or quartzite. The 
deposits at the Corbin and Copper City mines are vein deposits of 
massive sulphide ore in the outlying greenstone schists which border 
the shore of Hetta Inlet. 

Effects of contact metamorphism. — ^The intrusion of the granodio- 
rite batholith appears to have affected an alteration of the adjacent 
sediments for only a few thousand feet from the contact. Nearer the 
contact the influence of this intrusive on the stratified rocks is evi- 
dent only in the quartzite or schistose beds by the development of 
wollastonite and some garnet and epidote, while the crystalline lime- 
>stone strata are apparently unaltered. These facts go to show that 
it?gional metamorphism previous to the granodiorite intrusion wt^s 
apparently so intense as to render the rocks little susceptible to fur- 
ther changes. 
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The changes within the contact aureole due to the indirect effect 
of the intrusive mass or hydrothermal metamorphism were caused 
by the vapors and liquid solutions emanating from the igneous 
magma during the period of its solidification. In the present in- 
stance this action has extended much farther than the direct con- 
tact metamorphism and has produced wide deposits and veins of 
garnet and epidote in which the ores occur. The mineral-bearing 
solutions given off from the unsolidified portions of the igneous 
masses penetrated the adjacent limestone and quartzite beds, mainly 
along the granodiorite contact, dissolving channels into the lime- 
stone, though often taking advantage of preexisting fissures in both 
the limestone and granodiorite. During their ascent the thermic and 
other conditions of the aqueous solutions changed and their mineral 
contents were precipitated by the limestone and meteoric waters 
and gradually filled the channels and fissures. The contact meta- 
morphic deposits thus formed are composed essentially of a massive 
garnet-epidote rock, varying from a reddish to a greenish color, in 
which grains of chalcopyrite, pyrrhotite, and magnetite are dis- 
seminated. In places the rock has a decided granular texture, both 
the garnet and the epidote having their crystalline forms, and in this 
the sulphide ore is usually found in small masses accompanied by 
calcite and quartzite. The width of the contact metamorphic 
deposits ranges from 25 to 250 feet and the inclosing walls are 
sharply limited where formed of limestone, but the altered quartzite 
boundaries were less well defined. Smaller bodies of this vein mate- 
rial are found in fissures branching from the contact both into the 
limestone and into the granodiorite, the lateral extent of these 
being usually less than 1,000 feet. A description of both the ore 
and the gangue minerals found in these deposits is contained in 
this report under the heading " Ore minerals " (p. 85). 

COPPER MOUNTAIN GROUP. 

General description, — The Copper Mountain group of claims of 
the Alaska Copper Company stretches northward from tide water 
at Copper Harbor across the crest line of a ridge which forms a 
spur of Copper Mountain (PL IX). The principal developments 
are along the crest of the ridge at an altitude of over 3,000 feet, where 
the discoveries of copper were first made. Prospecting on Copper 
Mountain began in 1897 and investigations followed the discov- 
eries until early in 1900, when the properties were purchased by the 
Alaska Copper Company. 

Developments were rapidly made by this company and included 
the construction of buildings and a large wharf. In 1902 several 
shipments of ore were made to the Tacoma smelter, about 500 tons 
in all, and they are reported to have yielded nearly $18,000. In 
1903 and 1904 there was no production, and developments were 
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confined to the erection of a smelting plant and a power plant and 
the extension of a crosscut tunnel to undercut the ore body 1,000 
feet below its outcrop. In October, 1905, these improvements were 
completed and smelting of the ore was begun. 

Mine development. — ^The principal exploitations have been made 
by means of open pits or " glory holes " on New York and Indiana 
claims at altitudes of 3,300 and 3,500 feet, respectively. At 150 feet 
and 300 feet below surface outcrops two tunnel levels have been driven 
for undercutting. The upper level consists of 200 feet of tunneling 
and the second level 700 feet of tunneling with upraises to the surface. 
A long tunnel, including 3,000 feet of underground workings, enters 
the moimtain at an elevation of 2,350 feet and undercuts the ore 
bodies at a depth of 1,000 feet. This lowest tunnel follows the con- 
tact zone of the granodiorite, first with quartzite and then with lime- 
stone. Its general course is northeasterly to a point 1,400 feet from 
its mouth, where it branches, the left or northwesterly branch continu- 
ing for several hundred feet along the contact to a point almost 
directly under the surface outcrop on the New York claim, while the 
northeasterly branch penetrates the massive granite belt for 700 feet 
toward the Indiana lode, which lies along the eastern contact. 
. The total mine developments at the close of 1906 are roughly esti- 
mated at 4,200 feet of tunneling and 500 feet of shaft sinking and 
raises, besides much open-pit work. The ore was chiefly mined from 
the upper workings on the New York claim and delivered to the 
smelter over a cable tram 6,000 feet in length. 

Smelter. — ^The smelting plant is close to tide water at the head of 
Copper Harbor and consists of a 250-ton AUis-Chalmers blast furnace, 
ore bins of 2,500-ton capacity, coke bins of 1,200-ton capacity, and a 
sample mill, besides the usual appliances for the granulation and re- 
moval of the slag (PI. X, J.). The ore from the Copper Mountain 
mine is delivered to the sample-mill bin by an aerial tramway 6,000 
feet long, while the ore shipped to the smelter is unloaded into receiv- 
ing bunkers of 1,000-ton capacity on the wharf, and from these is 
drawn off into cars and hoisted on an inclined tramway to the sample 
mill. 

In addition to the smelting plant there is a sawmill, blacksmith 
and machine shop, store and warehouse, assay office, and compressor 
plant. All of the necessary machinery at both of the mines and at 
the smelter is run by water power derived from Reynolds Creek. 
The water is transmitted 1,000 feet by a 22-inch pipe line to the com- 
pressor plant, where two water wheels develop 300 horsepower. The 
smelter was first operated for an experimental run in June, 1905, and 
since then has been operated at irregular intervals. In the summer of 
1906 a large tonnage of ore was smelted with a considerable produc- 
40840— Bull. 347—08 7 
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tion of matte. In October, 1906, the smelter was closed pending a i-e- 
organization of the company and no attempt was made to operate it 
during 1907. 

Ore bodies, — Two principal ore bodies, the New York and Indiana 
lodes, are worked on the Copper Mountain group of claims. The out- 
crops are on the crest of the mountain ridge at elevations of 3,300 
and 3,500 feet, respectively. Both are contact metamorphic deposits 
similar in mode of occurrence and origin and separated from each 
other by a belt of granodiorite 800 feet wide. 

The ore body exposed on the New York claim occurs at the contact 
of the granodiorite with limestone, along which it has been exposed 
by a long tunnel and by surface cuts for 2,000 feet. In the tunnel 
the width of the deposit varies from 10 to 50 feet, and the ore is con- 
fined to the garnet-epidote contact rock. At the surface workings, 
however, the copper ores have been spread out into the somewhat 
fractured limestone hanging wall (PL X, 5). This spreading is 
attributed to the action of meteoric waters, which has also altered 
the original sulphide ore into an oxide and carbonate ore, occurring 
in the form of pockets, small pipes, and gashes in the garnet gangue 
rock and in the limestone hanging wall. This action, however, has 
not taken place everywhere, and the unaltered sulphide minerals in 
the garnet-epidote gangue rock are not uncommon at the surface. 
Such alteration is absent at the tunnel level about 1,000 feet below 
the surface pit, and will probably rapidly decrease and become want- 
ing within a few hundred feet of the surface. 

The Indiana lode lies about 800 feet northeast of the New York 
lode and is parallel to the eastern contact of the outlying granodiorite 
belt indicated on the map (PI. IX). The gamet-epidote-calcite rock 
and the inclosing rock extends across a width of nearly 500 feet. 
They are cut by a network of quartz stringers and include masses of 
crystalline limestone. The ore occurs irregularly and is not con- 
fined to the contact. 

The present workings are on irregular ore masses near the con- 
tact, but the limits and extent of these are but little known. In 
origin and character of mineralization this lode is similar to the New 
York lode, but the values contained are lower and more scattered. 
The ore is comp>osed of both carbonate and sulphide minerals of 
copper and contains from $1 to $2 in gold and silver values. Tunnels 
have been driven at points 40 to 220 feet below the floor of the 
surface pit in order to investigate this deposit in depth. Tlie ex- 
tension of the main tunnel at the 2,300-foot level will undercut this 
ore body 1,150 feet below its surface exposure. The ore from this 
mine is transported by a surface tram 1,400 feet in length around the 
south side of Copper Mountain to the head of the aerial tram at the 
New York claim. 
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JUMBO GROUP. 

Situation. — ^The claims of the Jumbo group belonging to the 
Alaska Industrial Company occupy the slopes of Jumbo basin on 
the northwest side of Copper Mountain. The claims extend from 
a point 500 feet in elevation and 1 mile from tide water to near the 
mountain summit, 3,850 feet in elevation. Two main deposits are 
being explored, one between 1,500 and 1,900 feet on the east slope of 
Jumbo basin on the Jumbo claims Nos. 1, lA, and 2, and the other 
between 1,600 and 2,000 feet elevation on the Jumbo claims Nos. 
^ and 14. 

Development. — ^Investigation of the Jumbo group began in 1902, 
and during the succeeding years various prospect tunnels were driven 
and test pits sunk on the different claims. After a promising ore 
body was opened on the claims Nos. 4 and 14, located at 1,700 feet 
elevation and 8,500 feet from tide water, it was next necessary to 
devise a means of transporting the ore to tide water. For this pur- 
pose a Riblett aerial tram 8,250 feet long and an additional aerial 
tram 600 feet long were erected in 1905-6, thus connecting the beach 
with the lower tunnel of the mine workings, 1,700 feet above sea. At 
the beach a wharf with 150 feet of frontage was built and ore bins of 
4,000 tons capacity erected. , While this was being done developments 
of the ore deposits were advanced, and early in 1907 shipments of the 
ore to the Tyee smelter in British Columbia began. 

Ore deposits. — ^The general rock relations of this area, which are 
similar to those shown at the Copper Mountain group previously 
described, are presented on the geologic map of Hetta Inlet (PL 
XI). The main granodiorite boss forms the foot wall of the deposit, 
the hanging wall being in some places a crystalline limestone and at 
others an altered quartzite of a banded structure, varying from a 
white to a reddish or greenish color. 

The copper deposit being mined is on Jumbo claim No. 4, and con- 
sists of an irregular body of chalcopyrite ore 30 to 40 feet wide, 120 
feet long, and about 140 feet in depth, occupying a nearly vertical 
position. The contact zone in which this occurs is 200 feet in width 
at this point, granite forming the foot wall and limestone the hanging 
wall. The limestone beds are fractured and faulted, and masses of 
this rock are completely surrounded by the garnet-epidote contact 
rock. Mineralized masses of garnet-epidote, completely surrounded 
by the limestone, are also exposed, thus suggesting a replacement of 
the limestone by the ore-bearing minerals. On the foot-wall side 
there is no definite separation between the contact rock and the grano- 
diorite, the mineral solutions having also replaced the mineral com- 
ponents of this rock, though less extensively. 

The contact rock has a compact felsitic texture, and is locally 
called felsite, though it is composed mainly of garnet and epidote. 
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Near the ore massas this rock becomes coarsely crystallized, the garnet 
and epidote form vugs of well-developed crystals, calcite occurs in 
small veinlets and masses, and chalcopyrite may.be observed in scat- 
tered particles. Except such local changes there are no indications 
within the contact zone which may be used as a guide in the search 
for these ore masses. Those points where the limestone is in contact 
with the granodiorit^ appear to be most favorable for the occurrence 
of the ore deposits. Besides the minerals already mentioned scapo- 
lite, woUastonite, specularite, and molybdenite are present in small 
amounts. 

The mine workings on Jumbo claim No. 4 consist of four tunnels 
between 1,550 and 1,950 feet in elevation and an open cut at 2,050 
feet elevation. The main working tunnel, or tunnel No. 3, is situated 
at an elevation of 1,700 feet and is 280 feet in length. At a point 180 
feet from its mouth a 130- foot vertical raise connects this level with 
the stopes in the ore body and tunnel No. 2. At a point 40 feet above 
the tunnel a small stope has been extended to the west on what is 
supposed to be the bottom of the main ore body, and 30 feet above 
this a 60-foot exploratory drift has been extended to. the east into the 
ore. The floor of the main stope is 100 feet above the level of tunnel 
No. 3. The stope is 160 feet long, 20 to 40 feet in width, and extends 
for 30 feet above the level of tunnel No. 2. The ore mined goes 
through this raise, whence it is trammed to the upper terminal of the 
aerial tramway, and from there it is transported to the ore bunkers at 
the beach. 

In Canyon Creek 200 feet to the southeast of tunnel No. 2 surface 
mining and exploratory tunnels are being extended on the supposed 
continuation of this ore body. Tunnel No. 1 at 1,950 feet elevation 
crosscuts the limestone for 50 feet and enters the contact i*ock for 15 
feet, in which indications of ore are shown. Tunnel No. 4 has re- 
cently been started at a point 1,570 feet in elevation on a level with 
the upper terminal of the main aerial tramway. Jt is planned to 
extend this tunnel to undercut the present mine workings, with which 
it will be connected by a raise through which the ore will be con- 
veyed, thus eliminating the necessity of the auxiliary tramway from 
tunnel No. 3. 

The upper workings are on Jumbo claim No. 14 just above tunnel 
No. 1 at 2,050 feet elevation. The^e consist of an open cut and sur- 
face stripping across a width of 100 feet. The irregularity of the 
deposits and the sporadic occurrence of the ore is well shown here. 
At one point a face of massive sulphide ore 6 feet across is sur- 
rounded by the barren gangue rock; at other points sulphides were 
finely disseminated in the rock in suflScient amoimt to make a low- 
grade ore. 

The ore body on Jumbo claims Nos. 1, lA, and 2 is characterized 
by lower values in copper than in the deposit on Jumb^claiiUTNo, ^, 
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and by a large percentage of magnetite, which mineral was con- 
spicuously absent in the former deposit. Granite forms the foot- 
wall and both limestone and quartzite the hanging-wall side. Erosion 
has exposed the ore body over broad areas, so that it appears to form 
a relatively thin covering on the granodiorite, and becomes thinner 
as the elevation increases. The deposit outcrops in this manner be- 
tween the 1,500 and 2,000 foot contours, but ajbove 2,000 feet grano- 
diorite alone was observed. This contact deposit between the hang- 
ing and foot walls generally varies from 10 to 60 feet in width, but in 
places it is altogether absent, and the granite and limestone are in 
direct contact with each other, as was observed at a point a few hun- 
dred yards northwest of the workings. 

The highest openings are 1,890 feet in elevation on Jumbo claim 
No. 1, where a small open cut exposes considerable copper carbonate 
ore and limonite in a banded garnet-epidote gangue. This is only a 
surface alteration and disappeared at a depth of a few feet. Just 
south of this the deposit forms a steep bluff 100 feet high and exposed 
over a width of 100 feet. Masses of sulphide ore accompanied by 
magnetite were observed along the foot of this bluff where consid- 
erable surface stripping had been done. At 1,660 feet above sea a 
tunnel 85 feet long running N. 30° E. crosscuts the limestone hang- 
ing wall for 20 feet, then penetrates a 10-foot band of epidote prac- 
tically barren of ore, followed by 15 feet of crystalline limestone, and 
finally enters a belt of banded garnet-epidote rock for 50 feet with- 
out exposing the granodiorite foot wall. In the face of the timnel 
small amounts of sulphide ore are scattered throughout the garnet- 
epidote gangue, but as a whole the rock did not appear to carry 
sufficient copper to constitute an ore. About 100 yards east of this 
tuimel, at 1,580 feet elevation, on Jumbo claim No. 2, the ore body 
is again exposed over a considerable area and is richer in sulphide 
ore. Two tunnels crosscut the ore deposit,*one 1,540 feet in elevation 
and the other 1,480 feet. The upper tunnel starts in the deposit, pene- 
trates it for 50 feet, and enters the granodiorite foot wall for 6 feet. 
The line between the ore body and the foot wall was well defined, but 
there was no gangue present and the ore was closely welded to the 
granite. Near the face of the tunnel or foot wall the ore is of a fine 
texture, rich in epidote and magnetite, and carries but a small amount 
of sulphide, whereas at the entrance to the tunnel the gangue was 
made up of garnet containing small masses of chalcopyrite. The 
tunnel just below this crosscuts the limestone hanging wall for 55 
feet and enters the ore body for 9 feet. The extension of this con- 
tact metamorphic deposit on Jumbo claim No. lA has been exposed 
by two tunnels, one above the other, at 750 and 840 feet elevation. 
The upper tunnel penetrates a banded garnet foot wall, and about 
25 feet from its entrance considerable sulphide ore was exposed. 
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In the lower tunnel, which is 240 feet in length, the hanging wall 
exposed at the entrance is a reddish to dark-greenish indurated 
quartzite grading into the banded gamet-epidote rock near the 
tunnel face, where the granite foot wall is exposed. The contact 
metamorphic deposit at this point is nearly 100 feet wide, but the ore 
in it is scattered and as a whole is of lower grade than that exposed 
on the upper claims. The observations indicate that this deposit 
will be confined to the contact of the granodiorite foot wall and along 
this contact the occurrence of ore will be sporadic, the sulphide 
minerals occurring in masses or within limited contact areas con- 
nected with one another by the more or less barren gamet-epidote 
gangue rock. The average ore from this deposit contains a high 
percentage of iron and nearly sufficient silica for smelting purposes. 
Besides its copper content assays show values in gold and silver. 
The advisability of concentrating the ore by separating the magne- 
tite from it and thus reducing its iron content is still to be deter- 
mined. 

GREEN MONSTEB GBOUP. 

Situation. — The Green Monster group of claims, belonging to the 
Alaska Industrial Company, occupies the northern and western slopes 
of Green Monster Moimtain, 2^ miles due east from Copper Mountain 
and 3 miles from the tide flats at the head of Hetta Inlet From the 
latter point a trail, crossing two lakes each half a mile wide, at alti- 
tudes of 600 feet and 1,680 feet, respectively, leads to the principal 
mine workings at an elevation of 2,800 feet. Another approach 
to these claims is from Copper Harbor across a series of three lakes 
(indicated on the map, PI. IX). 

Development. — Although these claims were located in 1900, de- 
velopments have been meager, and no attempt has been made to 
advance the investigation beyond the required assessment work. Two 
tunnels have been driven, one on Green Monster claim No. 1, 65 feet 
in length, the other on Diamond B. xjlaim, also 65 feet long. On 
lola claim a pit 8 feet deep has been sunk and trenches dug along 
the ore body. 

Ore bodies. — Ore bodies at the contact of the limestone and granite 
are shown on the lola, Black Warrior, and Diamond B. claims (PI. 
XI). The deposit on the lola claim has been opened by a small 
pit and surface stripping, and consists of a mass of magnetite-chal- 
copyrite ore 10 feet in width inclosed in the gamet-epidote gangue, 
which at this point occupies a width of about 25 feet between the 
limestone hanging wall and the granodiorite foot wall. Along this 
contact other smaller ore masses were observed on the lola and Black 
Warrior No. 2 claims, but were apparently of little consequence. On 
the Black Warrior claims Nos. 1 and 5 similar ore bodies occur ad- 
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jacent to the granite and limestone contact and in a black slate band 
along the mountain crest striking N. 30° W., but these have not been 
prospected. On the Diamond B. claim a timnel 65 feet in length has 
been driven along the contact of the limestone with a porphyritic dike 
striking N. 30** E. and 50 feet or more in width. The main contact 
of the granodiorite boss lies about 150 feet to the west. In this tun- 
nel the gamet-epidote vein rock is exposed across a width of about 10 
feet and for a length of 50 feet; the face of the tunnel enters the 
limestone. Small masses of copper sulphide occur in this contact 
rock, but the metal content of the vein as a whole is low. 

A deposit in the form of a vein filling, occupying an irregular fis- 
sure in the limestone, occurs on Green Monster claim No. 1. This 
vein appears to be an offshoot from the main contact zone just west 
of it. A tunnel 65 feet long undercuts the vein, and for 250 feet 
along the surface it is exposed by trenches. The vein strikes S. 20° 
E. with vertical dip and averages 6 feet in width. The copper occurs 
in small masses and disseminated particles throughout the garnet- 
epidote-calcite gangue. Associated with the chalcopyrite ore is py- 
rite, and in places along the surface limonite, malachite, and azurite 
are present. 

A third type of mineralization is exposed on Black Warrior claim 
No. 2, where a narrow vein containing galena, pyrite, and chalcopy- 
rite has been deposited along the contact of a porphyry dike with the 
limestone country rock at a point about 1,000 feet from the granite 
contact. This ore, though of good quality, has not been found in 
quantity. 

In general the ore bodies on the Green Monster group are similar 
in character to those on the Jumbo group, but from present excava- 
tions they do not appear to be as great as the latter in size and extent. 
The position of the property necessitates the building of a tramway 
over a distance of 3 miles in order to ship the ore, and conditions of 
mining are less favorable than at many other points along the coast. 

HOUGHTON GROUP. 

Situation and development. — ^The Houghton group of claims is lo- 
cated on the northwest slope of Mount Jumbo between elevations 
1,000 and 2,000 feet and is 1 mile from Hetta Inlet. (See PI. XI.) 
They include the granodiorite contact zone exposed on the Jumbo 
group to the south, and the ore bodies under exploration are of the 
same general type. The claims, including a mill site at tide water, 
were located in 1901, and from that time to the end of 1905 the de- 
velopments were meager, assessment work alone being done. Early 
in 1906 the properties were acquired by the Cuprite Copper Company, 
two more claims were located, and active developments were begun. 
These investigations were advanced during 1907 with encouraging 
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results. The present mining camp is situated at 1,500 feet and the 
mine workings between 1,600 and 1,700 feet elevation. At 1,600 feet 
a tunnel, 100 feet long at the time of the visit, was being driven to 
explore the ore body in depth, its surface exposure being 100 feet 
above. At other points on these claims short exploratory tunnels and 
cuts have also been made. 

Ore hody. — The copper deposit on which investigations are being 
furthered is included in the gamet-epidote contact rocK which occu- 
pies a zone from 25 to 75 feet in width between the granodiorite and 
limestone. This zone strikes N. 45° E. and dips steeply to the north- 
west. The ore body is developed on the surface by a 30-foot cut and 
a 15-foot pit, in which a body of massive chalcopyrite ore 5 feet wide 
is exposed. In the tunnel which enters this contact zone small 
amounts of copper ore are present, but the main ore body is not yet 
undercut. The chalcopyrite is associated with magnetite, pyrite, and 
some pyrrhotite. The observations in general on these claims showed 
a less amount of contact metamorphism and not so great a develop- 
ment of ore as was noted at the Jumbo group. 

SULTANA GBOUP. 

Sit\iation and development, — The Sultana group of six claims is 
located on the north side of Hetta Inlet about 1 mile east of Sulzer 
and extends from tide water to an elevation of 1,000 feet on the south 
slope of Beaver mountain (PL XI). The principal developments 
have been on the Sultana claim, though on the adjoining claims, the 
Index and Vulcan, prospecting has been advanced. The total work- 
ings, however, amount to little more than the amount of assei^sment 
required each year. 

Ore todies, — The ore bodies exposed are contact-metamorphic de- 
posits underlain by a granitic intrusive, banded siliceous limestone 
forming the hanging wall. A gangue of garnet and epidote with con- 
siderable calcite has been deposited aiong the contact, in which sul- 
phides of copper and iron are sparingly distributed in small masses 
and disseminated particles. 

At a point on the Sultana claim 350 feet in elevation and one-third 
of a mile from the beach a tunnel 130 feet long was driven in the 
granodiorite foot wall with no result. Another tunnel 430 feet in ele- 
vation exposes at its entrance a mass of chalcopyrite ore 3 feet in 
width and then crosscuts the garnet-epidote gangue rock for 25 feet, 
showing practically no ore. On the Index claim, to the east of the 
Sultana claim, at 600 feet elevation, an open cut 60 feet long exposes 
small amounts of chalcopyrite, not sufficient to make a profitable 
ore, associated with magnetite and pyrrhotite in a banded garnet- 
epidote rock. On the Vulcan claim, north of the Sultana claim, at 
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an altitude of 520 feet is an open cut 60 feet wide. Here garnet- 
epidote rock occurs with large included fragments of banded lime- 
stone containing pyrrhotite and chalcopyrite in masses a few feet 
wide. A relatively small amount of ore is developed on these prop- 
erties, but future explorations may reveal new and larger bodies. 
The ore at this prospect was reported to carry cobalt in considerable 
amount, but a sample taken by the writer and submitted for analy- 
sis gave only a trace of cobalt and less than 0.2 per cent of nickel. 

COBBIN MINE. 

Situation and development, — The Corbin mine is close to tide water 
on the east side of Hetta Inlet, 1^ miles north of the entrance to 
Copper Harbor. This property of four claims was located in Feb- 
ruary, 1905, and the following summer ore shipments were made to 
th^ smelter at Coppermount. Early in 1906 the mine was sold to the 
Alaska Metals Mining Company, which began active development 
and equipped the property with an air compressor, a hoist, a steam- 
power plant, and erected^ small wharf and various buildings. The 
position of the ore body necessitated the sinking of a shaft 100 feet, 
and at this depth considerable crosscutting and drifting were ex- 
tended to investigate the ore body at this level. Adjacent to the shaft 
a tunnel has been driven along the vein for 210 feet, but the results 
were not encouraging. Operations on this property were suspended 
during the winter of 1907 and have not since been renewed. 

Ore bodies. — The ore body is a vein deposit of nearly massive sul- 
phide ore inclosed in a narrow fissue parallel to the stratification of a 
greenstone-schist countiy rock. The vein is from 1 foot to 3 feet in 
width and has been exposed about 250 feet in length, striking N. 70^ 
W. and dipping 70° SW. A tunnel 210 feet in length was driven 
along the vein to the southeast and in this the vein narrows to a thin 
gouge seam and widens again at several points, its continuation being 
indicated by the bleached appearance of the country rock. The foot 
wall of the vein is a dark-green schist and appears less altered than 
the hanging wall, which is a pale-green talcose schist. Grooves 
caused by slipping were observed on both the foot and the hanging 
wall. These grooves pitch 50° NW., and this is the direction that 
the ore shoots are most likely to follow. In the vein itself occasional 
slickensides were observed, indicating movement along these lines 
since the deposition of the ore. Dikes of diabase from 2 to 4 feet in 
width, striking N. 10° E. and dipping 70° NW., nearly at right 
angles to the prevailing rock structure, crosscut the vein deposit. 
The ore is principally pyrite containing chalcopyrite associated with 
some ouartz and calcite as gangue minerals. Besides the small per 
cent of copper in the ore, gold and silver amounting to about $3 in 
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value per ton are reported. At other points on these claims explora- 
tion may reveal vein deposits similar to the one described. 

COPPER CITY MINE. 

Situation and development. — ^The Copper City mine, also known 
as the Red Wing group, consisting of four claims, is situated close 
to tide water on the east side of Hetta Inlet, 7 miles south of Copper 
Harbor. This property, because of its position and the character of 
the deposit, has been a copper producer in a small way ever since 
operations first began in 1903, the ore being sacked and shipped to 
the Tacoma Smelter. The developments have been confined to the 
Red Wing claim, where the vein deposit has been opened by an 
inclined shaft 120 feet in depth. From this shaft two levels, 50 feet 
and 100 feet respectively in depth, have been extended. The 100- 
foot is the working level and this has been extended along the vfein 
for 200 feet to the north and for 50 feet to the south of the shaft. At 
a point on the level 75 feet north of the shaft a 60- foot winze has 
been sunk and from this a drift 50 feeW long has been extended. 
Most of the ore above the 100-foot level has been mined, and it is 
proposed to sink the shaft an additional 100 feet and open up a 200- 
foot level. 

Ore body. — ^The ore body, a vein deposit of nearly massive sulphide 
ore, is inclosed in a slate-greenstone country rock parallel to the bed- 
ding plane and corresponds in general character to the ore body at 
the Corbin mine already described. The country rock grades from 
a black slate or siliceous schist to an amphibole schist or altered green- 
stone, the general strike being N. 20^ E. and the dip 60° NW. Cross- 
cutting these schists and also the vein deposits are several diabase 
dikes 1 foot to 5 feet in width, striking in a N. 30° W. direction. 
These dikes were intruded after the main ore deposition, but subse- 
quent mineralization has deposited small amounts of mineral in vein- 
lets entering them, and the ore bodies, where crosscut, usually continue 
along the same line of strike on opposite sides of these intrusives. 
The vein as exposed in the shaft varies from 6 inches to 4 feet in 
width, narrowing to a gouge seam at 100 feet in depth. At this 
level the vein appeared to be displaced for a short distance toward 
the foot-wall side, where it was again foundj and on it the 60- foot 
winze was sunk, in which the vein was reported to have a considerable 
width. Smaller veins of similar character and parallel to the main 
vein have .been exposed by surface cuts and trenches at other points 
on the property, but none of these have been developed. 

The ore is composed essentially of chalcopyrite, pyrite, sphalerite, 
and rarely hematite (specularite), associated with quartz, calcit€, and 
epidote as gangue minerals. Surface oxidation has altered the chal- 
copyrite in places to limonite and cuprite, and along jointing cracks 
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in the country rock malachite and small films of native copper were 
observed. Besides the copper content, the ore contains values in gold 
amoimting to $3 to $6, and silver amounting to $1 to $3, besides from 
6 to 9 per cent of zinc. 

PBOSPBCTS ON GOULD ISLAND. 

Gould Island, which occupies the head of Hetta Inlet, is about 2 
miles in length and less than 1 mile wide. It is composed essentially 
of limestone, siliceous schists, and slate intruded by a granodiorite 
mass which occupies the eastern portion of the island (PL IX). The 
prospects are located at the southwest end of the island. The ore 
which consists of galena, spalerite, and chalcopyrite, occupies small 
veinlets, and is finely disseminated in a belt of siliceous limestone 30 
feet wide, striking east and west, with a steep dip to the north. As- 
sociated with the ore are calcite, quartz, garnet, epidote, and large 
amounts of wollastonite, the latter occurring in the adjacent limestone 
in radiating masses. A tunnel 70 feet long has been driven along the 
foot wall of this mineralized belt, where it is in contact with slate, 
and scattered occurrences of ore are shown. Just north of the tunnel 
is an open cut and a shaft 10 feet deep, exposing mineralized rock of 
the same character. About 300 feet east of these workings is another 
open cut and a pit 10 feet deep on the same belt. The amount of ore 
exposed on these claims at the time of the writer's examination was 
anall and of low grade. 

PBOBPECTS AT HEAD OF COPPER HABBOB. 

The prospects at the head of Copper Harbor indicated on the map, 
excepting the Paris vein, are all contact-metamorphic deposits and lie 
adjacent to the same granodiorite batholith exposed on the Copper 
Mountain and Jumbo groups (PI. IX). On none of these claims 
have the developments exceeded the assessment requirements. On the 
Paris group of claims, located at 300 feet elevation, about a half n[iile 
hata the beach, a timnel 115 feet in length has been driven along a 
small quartz vein 1 foot wide striking northeasterly and containing 
low values in copper and gold. The country rock is a banded quartzite 
striking N. 40° W. and dipping 40° to 60° SW. The Gould group, 
which lies north of Reynolds Creek and at 300 feet elevation, one- 
half mile froiti Copper Harbor, is located along the granodiorite 
contact with quartzite which at this point strikes S. 20° E. A 
tunnel 50 feet long crosses the contact rock and enters the granite, 
which also carries small amounts of chalcopyrite and pyrrhotite 
scattered near the contact in fine particles. A 40-foot shaft at the 
mouth of the tunnel exposes the mineralized garnet-epidote rock, 
showing a banded structure striking parallel with the contact and 
dipping 60° SW, About a mile northeast of the Gould group, and 
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at 100 feet elevation is the Bussian Bear claim, and adjoining this 
on the north the Texas claim at 1,450 feet elevation. The cpntact- 
metamorphic deposits on b#th these claims flank the western slope 
of the granodiorite batholith, and the developments consist mainly 
of open cuts and trenches, in which only small ore masses have been 
exposed. 

PBOSPECTS ON HETTA MOUNTAIN. 

Hetta Mountain, which lies southeast of Copper Harbor, is made 
up essentially of limestone and quartzites, its northern felope, as indi- 
cated on the map (PL IX), being bordered by the granodiorite in- 
trusive. Two claims have been located on contact deposits similar 
to those described along the intrusive contact about 1 mile from Cop- 
per Harbor and at 900 feet elevation. The ore bodies have been 
prospected by three tunnels, one 20 feet, one 25 feet, and one 30 feet 
in length, and several open cuts in which small masses of chalcopy- 
rite and pyrrhotite are exposed in the garnet-epidbte contact rock. 
The quartzitic schist country rock to the south, which forms the 
hanging wall of the deposits, strikes east and west with nearly verti- 
cal dip,,jwttd is intersected by granitic and pegmatitic dikes. 

In a gttlch at 1,380 feet elevation another prospect is located on a- 
vein deposit consisting of garnet with some epidote and sulphide ores-- 
in the siliceous schists. At this point a tunnel 30 feet long has been 
driven along the vein and at the entrance a small mass of chalcopy- 
rite ore is exposed. On the ridge of Hetta Mountain the quartzites 
alternate' with limestone strata having a N. 80° E. strike, and in- 
truding these beds are occasional masses of granodiorite. Along the 
contact of one of these dikes at 2,480 feet elevation, on the north slope 
of the ridge, a contact-metamorphic deposit occurs which contains 
both the sulphide and the carbonate ore of copper. A tunnel 15 feet 
long and considerable stripping constitute the developments and ex- 
pose small masses of the copper ore in a garnet gangue. Southeast of 
this prospect on the opposite side of the ridge, at 2,500 feet elevation, 
an iron capping has l)een explored by trenches, and in these also small 
amounts of copper ore are exposed. 

KASAAN PENmSULA. 

GENERAL DESCRIPTION. 

Kasaan Peninsula is a promontory on the east side of Prince of 
Wales Island 18 miles in length and from 3 to 6 miles wide, project- 
ing into Clarence Strait and sheltering Kasaan Bay (see fig. 1, and 
map, PL I, in pocket). It is a steep, heavily timbered mountain 
ridge with summits reaching altitudes of 1,000 to 3,000 feet. The 
range is dissected near the center of the peninsula by a low pass 400 
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feet at its highest point, extending from the " Hole in the Wall " to 
a point 3 miles southeast of Kasaan village. At the northeastern end 
of the peninsula is also a broad, low marshy valley 4 miles in length, 
extending from the head of Tolstoi Bay to a point 3 miles north- 
west of Kasaan, and another low pass 3 miles long from the head of 
Thome Bay to the east side of Karta Bay. The timber on the penin- 
sula extends to an elevation of from 1,500 to 1,800 feet, below which 
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Fig. 1. — Map of Kasaan Peninsula, showing mine locations. 

a dense undergrowth renders prospecting difficult. The summits of 
the ridges are open except for small clusters of scrubby pine. 

The relief of the peninsula is typical of the more mature topog- 
raphy of the islands as compared with the rugged, more abrupt to- 
pography of the mainland. The mountain summits are dome shaped 
and on them are large erratic bowlders, an evidence of glaciation. 
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The valleys, which extend northward from near the head of Kasaan 
Bay, are broad and contain many lakes, and in them are deep de- 
posits composed of large and small bowlders embedded in glacial 
clay. The islands and shoals at the entrance to Karta Bay are made 
up entirely of these glacial deposits and represent the end moraines 
left by former ice fields. 

The occurrence of copper on Elasaan Peninsula was known to the 
Russians as early as 1865, but not until 1900 did active mine develop- 
ments begin. It is now the principal copper-producing area in south- 
eastern Alaska. 

GEX)LOGT. 

Kasaan Peninsula is composed largely of underlying intrusive rocks, 
including granodiorite, syenite, hornblende diorite, and more rarely 
granite. These rocks invade limestone beds and strata of highly 
altered sedimentary and pyroclastic rocks ranging from greenstone 
tuffs to sandstones and conglomerates composed principally of igneous 
material. 

Stratified rocks. — ^The stratified rocks include those of sedimentary 
and volcanic origin. They occur principally on the northern portion 
of the peninsula and adjacent to Tolstoi and Thorne bays, and are 
made up of a series of metamorphosed bedded rocks altered to'hom- 
fels and mica schists and often highly epidotized and containing 
amphibole and pyroxene crystals. These range in texture from fine- 
grained tuffs, slates, and sandstones to coarse conglomerates. The 
conglomerates contain many fragments and pebbles of igneous rocks 
as well as of limestone and quartzite. The sandstones and greenstone 
tuffs are composed largely of volcanic material, and because of their 
induration they closely resemble massive igneous rocks. In most 
places their fragmentary character may be recognized. The limestone 
beds exposed on the peninsula are entirely recrystallized, and both evi- 
dence of structure and organic remains are lacking. They are of im- 
portance because of their association with and relation to the ore 
deposits. Limestone beds, conformably underlain by sandstones com- 
posed largely of igneous riiaterial, occur on Long Island, which occu- 
pies the central portion of Kasaan Bay and lies 1 mile southwest of 
Kasaan Peninsula. Interstratified in these limestone beds near their 
contact with the underlying rocks are thin beds of sandstone and 
conglomerate, most of the pebbles in the latter being of porphyry. 
In the limestone beds themselves Devonian fossils are abundant; 
collections in this locality were first made in 1901 by Brooks, and in 
1905 a more complete collection was made by E. M. Klindle. Because 
of the analogy of these rocks to those on Kasaan Peninsula, the latter 
are provisionally considered to be Devonian. 

The structure of the sedimentaries exposed on Long Island is 
of interest because of the two systems of folding represented, an 
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older system of small folds with a northeasterly strike and a later 
system of broader folds which trend to the northwest ond belong to 
the main system of the Coast Kange. On the peninsula the structure 
of the bedded rocks has been so greatly interrupted by the intrusive 
masses that no persistent lines of strike and dip could be followed, 
though the most prominent direction of the bedding planes was from 
northwest to west with a steep dip to the southwest. Two prominent 
jointing systems are also present on the peninsula, the one striking 
N. 15** to 25'' E. with a dip 60° to 80^ SW. and the other striking 
N. 50** to TO*' W. with a steep dip to the northwest. 

Intrusive rocks, — ^The intrusive rocks occurring on Kasaan Penin- 
sula all invade the sedimentary strata and are therefore of more re- 
cent age. The principal intrusive, however, is the granodiorite which 
forms the entire southern portion of the peninsula and occupies wide 
areas in the central and northwestern portions. But little is known 
of the rocks that were intruded into this area previous to the granodi- 
orite, this being the oldest intrusive rock recognized. The granodi- 
orite intrusives, however, vary considerably in composition and prob- 
ably represent several periods of igneous invasion during one gen- 
eral epoch, though in some instances this difference can undoubtedly 
be attributed to segregations within the igneous magma during solidi- 
fication. After the intrusion of the granodiorite, granite and syenite 
dikes or masses many hundred feet in width were intruded, besides 
numerous pegmatite and aplite dikes. Somewhat later or possibly 
during the same period rocks more basic intruded the area in the 
form of dikes. These were followed by felsitic dikes from one to 
several hundred feet in width. Still more recent are the diabase 
and basaltic dikes, all of which are later than the ore bodies. 

OBE DEPOSITS. 

The occurrence of ore on Kasaan Peninsula is similar to that in 
the vicinity of Hetta Inlet. The ore bodies are contact-metamorphic 
deposits occurring usually at the contact of an intrusive syenite mass 
with limestone and in some places with greenstone tuff or conglom- 
erate. They are included in a garnet-epidote gangue and are gen- 
erally associated with magnetite, this mineral forming in many places 
half of the gangue. The principal mineral zone defined on this 
peninsula follows the contact of a syenite intrusive mass with a nar- 
row belt of limestone, and is traceable from the east side of Mamie 
Creek for 2 miles in a westerly direction. This zone ranges from 100 
to 300 feet in width, though because of its fiat dip and its conformity 
with the contour of the mountain slope it appears locally to be much 
wider. The Mamie, Stevenstown, and Mount Andrew mines are in- 
cluded within this zone. Another smaller belt of contact deposits 
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appears to follow along the western side of the peninsula about 1 mile 
inland, beginning 3 miles northwest of Kasaan and continuing north- 
westward to Karta Bay. The Sea Island, Haida, and Coppercenter 
prospects are included in this belt. Besides the contact-metamorphic 
deposits, copper ores associated with quartz are found occupying 
sheer zones in the greenstone tuffs and conglomerates at the head of 
Karta Bay, namely, in the Rush & Brown mine and at the Venus pros- 
pect. On the east side of Karta Bay bomite and chalcopyrite occur 
in small masses and are disseminated throughout a basic diorite in- 
trusive belt on the Goodro and Stevens prospects. Vein . deposits 
containing essentially silver-lead ores occur in the limestones north- 
east of Kasaan. 

The persistency of these various ore bodies depends largely ui>on 
the type. The contact deposits are generally irregular masses of 
small extent as a rule and no more persistent in depth than they are 
laterally; but where the contact zone is extensive, investigations 
within it will probably reveal similar ore masses both laterally and in 
depth. The copper-iron sulphide deposits in shear zones in the strati- 
fied rocks are more persistent than the contact ore bodies and will 
probably extend to a considerable depth. The vein deposits in the 
limestones will also be extensive in depth, but will vary considerably 
in width, often narrowing to a mere seam. 

To judge from analogous deposits of the latter type, it is possible 
that the lead-silver ores will be replaced by copper ores in depth. 

MAMIE MINE. 

Situation and development, — The Mamie mine, owned by the 
Brown Alaska Company, is situated IJ miles south of Hadley, at 
an elevation of 700 feet, in the central portion of Kasaan Penin- 
sula (figs. 1 and 2). The mine workings are connected with the 
smelter at Hadley by an aerial tram 5,500 feet in length and with the 
beach by a horse tram 7,700 feet in length. The horse tram is used 
for the transportation of supplies. Mine developments in a large way 
were not begun until 1904. During that year the ore bodies were 
explored by numerous open cuts, tunnels, and diamond-drill holes. 
In the following year mining of the ore was begun from the open 
pits and new ore bodies were developed by tunnels and shafts. At 
the close of 1905 considerable ore was delivered to the smelter, and 
throughout 1906 the production was large. In 1907 diamond-drill 
investigations were advanced, new ore bodies were located at greater 
depth, and the ore production continued with little interruption until 
late in September. In October all operations were suspended. The 
total developments consist of 5,000 feet of tunneling, drifting, and 
crosscutting and about the same amount of diamond-drill prospecting. 
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The smelter or reduction plant at Hadley, belonging to the Alaska 
Smelting and Eefining Company, is controlled largely by the owners 
of the Mamie mine (PL XI, B). It consists of a blast furnace of 
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Fia. 2. — Map shewing properties of the Brown Alaska Company, Iladley Consolidated 
Company, and the Mount Andrew Mining Company. 

350 tons daily capacity, a sampling mill, coal and coke bins, ore 
bunkers of 10,000 tons capacity, boiler house, engine house, electric- 
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light plant, and other conveniences. The ores from the Mamie and 
Stevenstown mines first go through the samplers, next to the ore 
bunkers by gravity, and thence by gravity to the furnace. The slag 
from the furnace is granulated and carried by water to the beach. A 
cable tramway extends from the wharf to bins above the sampling 
mill, which have been built to receive custom ore. The plant is so 
arranged that its daily capacity may be doubled if necessary: Smelt- 
ing operations began December 5, 1905, and in 1906 the furnace was 
in blast about twenty days each month. In September, 1907, this 
plant was closed. 

Ore bodies, — The ore bodies at the Mamie mine are contact meta- 
morphic deposits included in a zone 400 feet wide lying between a 
syenitic intrusive and limestone. Within this zone the masses of 
valuable copper ore are defined either by such a decrease in the copper 
content of the inclosing rock as to prohibit profitable extraction 
or by fault planes. Garnet, epidote, and magnetite compose the 
contact rock. Chalcopyrite is present throughout in small quantities. 
The ore bodies or portions of the contact rock where the concentra- 
tion of the copper values is sufficient to make ore are irregular masses 
ranging from 50 to 100 feet in length and thickness and from 10 to 
40 feet in width, the major axis striking northward. Nine such ore 
masses are exposed in the mine workings. Some of them are in- 
cluded entirely in magnetite masses, thus making basic ore, while 
others occur in the garnet-epidote gangue rock, making a siliceous 
ore. Small veinlets of calcite and rarely quartz intersect the ore 
masses, thus indicating a later period of mineral deposition, though 
the main ore deposits are believed to have been deposited contempora- 
neously with the inclosing contact rock. 

• STEVENSTOWN MINE. 

S if nation a fid development. — The Stevenstown mine, owned by the 
Hadley Consolidated Copper Company, is situated just above and 
southwest of the Mamie mine at an elevation of 1,000 feet (fig. 2). 
From the mine a surface tram 700 feet long connects with the 
aerial tram at the Mamie mine, over which the ore is transported 
to the smelter at Hadley. A trail also leads from the mine down 
the south side of the peninsula to Boggs Landing, on Kasaan Bay, a 
distance of 1 mile. The mine has been developed by three "glory 
holes " or open pits connected by raises with a 550-foot tunnel pene- 
trating the crCvSt of the mountain. Actual mining developments were 
first begun in June, 1905, previous to which time prospecting alone 
had been carried on, and in September of tliat year ore shipments to 
the Hadley smelter began. A large amount of ore was produced 
during 1906, and until the first of July, 1907, when mining operations 
were suspended. 
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Ore bodies. — The ore -bodies on the Stevenstown property corre- 
spond both mineralogically and genetically with those at the Mamie 
mine (PL XI, .1). They occupy a relatively flat position on the 
crest of the mountain ridge and are apparently underlain by the sye- 
nite intrusive which forms the foot wall of the mineral belt and which 
is exposed throughout the tunnel that penetrates the mountain top. 
The hanging wall as well as a large portion of the ore bodies on this 
property have been removed by erosion and the contact zone is only 
from 20 to 40 feet in width instead of 200 to 400 feet, the width on 
the Mamie property just below. To the northeast of the ore bodies 
strata of limestone and greenstone tuff occur and continue westward 
toward the Mount Andrew mine, forming the hanging wall of the 
mineral zone. 

The mine workings are all surface pits connected by raises with 
the main tunnel, and in these several relatively flat-lying ore masses 
have been developed. These masses are included within an area 
350 by 200 feet, the pits being from 20 to 40 feet deep. The central 
portion of this area is traversed in a southerly direction by a 40-foot 
felsite dike, which is of later intrusion than the syenite and cross- 
cuts the ore body. Smaller dikes of diabase and basalt 1 foot to 5 
feet in width were observed crosscutting the ore bodies and country 
rock at several points in these mine workings. 

The ore is composed largely of magnetite, chalcopyrite, and pyrite 
associated with hornblende and calcite, all of which are included in 
a more or less banded gamet-epidote gangue. 

Surface oxidation has produced considerable limonite and some 
malachite and azurite; small particles of native copper also occur 
along slipping planes, though these secondary minerals are relatively 
unimportant. 

MOUNT ANDREW MINK. 

Situation and development, — The Mount Andrew mine workings 
are situated three- fourths of a mile from Mount Andrew landing on 
the southwest side of Kasaan Peninsula and one-half mile west of 
the Stevenstown mine, at an elevation of 1,400 feet. A cable tram- 
way 3,600 feet long leads from the mine over a 1,440-foot knoll just 
south of the workings to the ore bunkers and a wharf at Mount 
Andrew landing (fig. 2). 

This mine is developed principally by a tunnel 620 feet long, un- 
dercutting the ore bodies from 60 to 100 feet or more in depth. From 
this tunnel several hundred feet of drifting and crosscutting have 
beeti driven, and upraises extended through the ore bodies to tho 
surface. The ore is mined out of large underground stopes and from 
surface pits or glory holes, and is delivered through chutes at tunnel 
level to the ore bunkers at the head of the aerial tram and thence 
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carried to the wharf, where it is loaded for shipment. Developments 
in a large way were not begun until late in 1905, and during 1906 the 
aerial tram was erected, the wharf built, the compressor plant in- 
stalled, and considerable ore developed. The first ore shipments 
were made in October, 1906, and production continued until October, 
1907, when operations were suspended. 

Ore bodies, — The ore deposits on this property are included in the 
same mineral belt as those at the adjacent Mamie and Stevenstown 
mines, with which they are in every way comparable. Six ore bodies 
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Altered country rock Magnetite-chalcopyrite Syenite^porphyiy 

rich in mapietite ore bodies awes 

Fig. 3. — Plan and cross section of Mount Andrew mine workings, showing positions of 

ore liodles. 

consisting of irregular magnetite-chalcopyrite masses associated with 
the garnet-epidote contact rock have been developed and mined to a. 
considerable extent. These Ixxiies of ore aie from 10 to 50 feet wide, 
40 to 80 feet long, 100 feet or more in depth, and have a general 
northerly strike and pitch. They are separated by barren areas of 
contact rock and dikes '20 to 00 feet of altered syenite porphyry 
(fig. 3). The mine workings consist essentially of surface pits whieK 
are undercut by a crosscut tunnel running east and west. (5§is tunnel 
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with connecting drifts and raises includes 2,200 feet of underground 
developments. Numerous gouge seams and slickensides indicating 
faulting were observed in the mine workings, and lateral displace- 
ments of the ore bodies from 1 to 6 feet were noted. Dikes of diabase 
and felsite from 2 to 12 feet wide crosscut the ore bodies and country 
rock in various directions and were evidently intruded later than the 
formation of the ore deposits. 

At other points on Mount Andrew large masses of the magnetite 
carrying but a small percentage of copper, insufficient in amount to 
make a copper ore, have been developed. These deposits, though not 
valuable for copper alone, may at some future time be of importance 
as a source of iron ore. 

UNCTJi: SAM MINE. 

Situation and development. — The Uncle Sam mine, originally 
called the White Eagle group, lies 3 miles northwest of Mount 
Andrew landing and one-half mile from Kasaan on the south slope 
of Kasaan Peninsula (see fig. 1). The mine workings are 430 to 550 
feet in elevation and less than half a mile from the beach. Mining 
operations have been advanced on this property at various intervals 
since its discovery in 1899, and in 1901 an aerial tram, ore bunkers, 
and a wharf were built. Early in 1906 a shipment of ore was made, 
but no further work was done until March, 1907. At that time oper- 
ations were renewed, continuing until July, when another ore ship- 
ment was made. The mine is developed by a tunnel and drifts, 
amounting to about 800 feet in length, and by open pits exposing the 
ore body on the surface above the tunnel. From this working tunnel 
a surface tram, 1,150 feet long, conveys the ore to the wharf. 

Ore body. — ^The ore body exposed in the tunnel consists of an ir- 
regular lens of chalcopyrite-pyrite ore 6 to 8 feet in width, striking 
north and south and pitching about 45° N. It is cut off to the north 
by an east- west fault dipping 80° N., which shows but a small amount 
of gouge. At the open cut above the tunnel similar masses of ore are 
exposed, but no large ore bodies have been defined. Garnet, epidote, 
magnetite, and calcite occur as gangue minerals and in many places 
form small geodes. The chalcopyrite ore contained in this gangue 
rock is irregularly distributed in small masses and not along definite 
lines. The country rock is made up of strata of chloritized and epi- 
dotized greenstone tuff which are underlain by the intrusive syenite 
and are crosscut by small dikes of diabase, of later origin than the ore 
bodies. 

COPPER QUEEN OBOUP. 

The Copper Queen group of claims, which represent the first cop- 
per locations on Prince of Wales Island, lies about one-half mile 
southeast of Kasaan. In 1898 these claims were sold to the Kasaan 
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Bay Mining Company, which made additional locations. Small 
operations were in progress from 1899 until 1902, and 500 feet of 
tunneling was done besides surface excavations. Since 1903 the 
property has been idle. 

The principal ore deposit is exposed along the side of a gulch at a 
point 300 feet in elevation. It consists of an irregular mass of chalco- 
pyrite ore accompanied by pyrite and magnetite in a garnet-epidote 
gangue, at the contact of an altered intrusive syenite with the green- 
stone tuff. Below these exposures a crosscut tunnel 400 feet in length 
has been driven in the altered syenite, but has failed to reveal any ore. 

Other mineral exposures occur on these claims at points close to 
tide water and have been prospected by shafts and open cuts, but so 
far no important deposits have been discovered. 

l»OOR MAM '8 GEOUP. 

The Poor Man's group of two claims is located 2 miles northwest of 
Kasaan (fig. 1). T\\e mine workings are connected with deep water 
by a surface tramway and wharf, having a total length of about 
2,000 feet. The principal developments are at the head of the tram- 
way and consist of a tunnel driven 90 feet in a southwesterly direc- 
tion, which crosscuts a 40-foot body of magnetite ore and 30 feet 
of garnet-epidote contact rock, and at its face enters a wide dike 
of red syenite for 20 feet. At a point 80 feet from the mouth of the 
tunnel is a vertical shaft extending 30 feet to the surface and 60 feet 
in depth. This body of magnetite is exposed on the surface above 
the tunnel, and similar masses have been prospected by short tunnels 
and cuts and shafts at points along the tramway and on adjoining 
properties. Associated with the magnetite are large amounts of cal- 
cite and hornblende, some pyrite and chalcopyrite, and garnet and 
epidote. Although the magnetite deposit itself is extensive, the 
chalcopyrite ore occurs only in isolated pockets or narrow veinlets 
and is not disseminated throughout the magnetite in sufficient 
amounts to make a copper ore of -the entire body. It is noteworthy, 
however, that these ore bodies may be of value for their iron content. 
Minor displacements, due to faulting on slipping planes, and dikes 
of diabase and felsite crosscutting the deposits were noted. 

eagle's nest (iBOUP. 

The Eagle's Nest group of claims, situated 4 miles northwest of 
Kasaan, was first located in 190(), and in the same year was bonded 
to the Sea Island Copper Mining Company. Operations by this 
company were begun in October, 190G, and continued in a small 
way until September, 1907, when the property reverted to the 
owners. 
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The developments have be^n confined to the mineral exposures 
on the Alarm claim at an elevation of 400 to 500 feet. On the south- 
east end of this claim is a 70-foot tuilnel essentially in a garnet- 
epidote rock in which a small amount of ore occurs near the face. 
Just above the tunnel a body of magnetite-chalcopyrite ore 8 feet 
wide and 20 feet long is exposed in an open cut, beneath which are 
beds of limestone. Above this near the summit of the ridge is an 
open cut and. shaft 12 feet deep exposing small amounts of ore 
associated with garnet in limestone. On the northwest end of this 
claim an open cut and a shaft 35 feet deep expose masses of chalco- 
pyrite associated with various contact minerals in a coarsely crystal- 
line limestone. Above the latter workings diorite is exposed and 
forms the upper portion of the ridge. No large copper deposits have 
been developed on these claims, though further investigation may 
reveal important ore bodies. 

TAYLOB PROSPECT. 

The Taylor prospect, located early in 1907 as the It claim, adjoins 
the Eagles Nest group on the east. On this prospect, at a point 
600 feet in elevation, a body of chalcopyrite ore in a gangue of 
garnet and epidote has been exposed by surface cuts over an area of 
20 by 40 feet. The ridge to the southwest or the foot-wall side is 
composed of diorite, and below the prospect to the northeast lime- 
stone beds are exposed. 

MAMMOTH OBOUP. 

Situation and development. — The Mammoth group lies on the 
east side of Karta Bay, about 6 miles from Kasaan and one-third 
of a mile from tide water on the top of a low hill 500 feet in eleva- 
tion (fig. 4). The property was largely developed in 1904-5 by 
the original owners and in June, 1906, was sold to the Haida Copper 
Company, which began active developments and made plans for 
the erection of a gravity tram 2,000 feet in length to the beach and 
for a wharf and ore bunkers. In April, 1907, these improvements 
were completed and the company made shipments of ore to the 
Hadley smelter. Early in the summer, however, operations were 
suspended, and the mine has since been idle. The mine is devel- 
oped by a tunnel 120 feet in length connecting with a shaft 35 feet 
deep, which in turn connects with a surface pit on the ore body. 
Exploratory drifts have been extended from the tunnel, and pros- 
pect pits and short tunnels have been driven at other points on the 
property. 

Ore body. — The ore body is an irregular magnetite mass carrying 
chalcopyrite in a gangue of garnet and epidote. The country rock 
in the immediate vicinity is made up of greenstone, tuff, and con- 



Digitized by 



Google 



120 KETCHIKAN AND WRANGELL MINING DISTRICTS, ALASKA. 

glomerates, though just below the mine workings a belt of intrusive 
diorite is exposed which forms the western half of the ridge and prob- 
ably underlies the ore body. The deposit is developed by an open pit 
over an area about 50 feet in diameter. This is undercut by a tunnel 
at a depth of 30 feet, and though the magnetite is exposed at this 
depth, chalcopyrite is not so abundant. To the northeast the ore 
body is limited by a fault plane striking nearly east and west and 
dipping 75° S. Other slipping planes striking at different angles 
were noted in the ore body and inclosing rock. 

OTHER PBOSPKCTS. 

Copper Center group. — The Copper Center group of claims lies 1 
mile north of the Mammoth group at an elevation of 400 feet. It was 
located in April, 1907, and in July was bonded to mining men who 
undertook its development. Several shafts from 10 to 30 feet deep 
were sunk within an area 300 by 120 feet. In all of these shafts and 
surface cuts a magnetite and chalcopyrite ore associated with garnet- 
epidote and hornblende gangue is exposed. The deposit is apparently 
flat-lying, though the amount of work done is hardly sufficient to prove 
that it does not continue in depth. It is also probable that further 
investigations at a greater depth will reveal deposits at other points 
on the property. The country rock is largely greenstone tuff and con- 
glomerate which is underlain by the granodiorite exposed down the 
hillside to the southwest. The area is densely covered by an under- 
growth which renders prospecting difficult. The dip needle has been 
successfully used within this area and the deposit just described was 
located by it. 

Charles prospect. — The Charles property lies about 1 mile south- 
east of the Mammoth group at an elevation of 380 feet and 5,000 feet 
from tide water. It was located in May, 1907, and only a small 
amount of work has been done on it. The mineral body exposed in 
a cut 20 feet long and 10 feet deep consists of chalcopyrite masses asso- 
ciated with some magnetite in a garnet gangue which replaces the 
greenstone tuff country rock. 

Granodiorite composes the hill just west of this prospect, but was 
not exposed near the mineral body. Dikes of diabase crosscut the 
ore body and are evidently of later intrusion. Besides the values in 
copper, the ore is said to carry high values in both gold and silver. 

Brown c& Metzdorf prospect, — The Brown & Metzdorf prospect is 
located three-fourths of a mile south of the Charles prospect and one- 
half mile from Kasaan Bay, at an elevation of 310 feet. The ore 
body is a mineralized mass of garnet rock carrying chalcopyrite and 
pyrite exposed over a width of 10 feet, showing a banded structure 
and evidently replacing the bedded quartzite and greenstone tuff coun- 
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try rock. A wide belt of limestone is exposed in bluffs along the trail 
just below this prospect. 

Peacock cm,d Tacoma claims. — These claims, about 3 miles south- 
east of Kasaan post-office, are the property of the Grindall Mining 
and Smelting Company (fig. 1). The Tacoma claim is located along 
the beach, where open cuts have been made on ore exposures that are 
covered at high tide. The ore is confined to the gamet-epidote rock 
and occurs in irregular patches or is finely disseminated, but nowhere 
in large bodies. In the beach cuts a small amount of ore is exposed, 
and above this at an elevation of 50 feet is a tunnel 60 feet in length 
entering the hill in a northeasterly direction. This tunnel crosscuts 
a wide belt of gamet-epidote rock containing some chalcopyrite. 
Other open cuts expose small amounts of ore at several places, but no 
large ore masses have been developed. 

The Peacock claims adjoin the Tacoma claim on the north and 
continue to the center of the peninsula. At a point 600 feet from the 
beach and 120 feet above tide a tunnel 45 feet long exposes a belt 
of gamet-epidote contact rock containing magnetite and a small 
amount of chalcopyrite. Still higher, at 325 feet, a second tunnel 30 
feet long, following the contact of a diabase dike, exposes a similar 
mineral-bearing rock. Here also dikes of felsite and basalt occur, 
and slipping planes fault the mineral body in various directions. 
The amount of development on these properties has not been suffi- 
cient to disclose ore bodies large enough to justify mining, but sys- 
tematic prospecting may open up deposits of value. 

" Hole in the wall " prospects. — The small cove known as " Hole in 
the wall " lies on the north side of the harbor at Hadley, and along 
its shores and west of it a number of claims have been located, among 
which are the Plumley group and the Eureka, Sunrise, Pennsylvania, 
Venus, and Pelaska claims (fig. 1). On the Hilma claim of the 
Plumley group, at a point one-half mile northwest of the head of the 
cove and 310 feet in elevation, a tunnel 25 feet in length has been 
driven along the contact of an altered limestone belt with a dioritic 
intrusive, in which small masses of chalcopyrite are exposed in a 
gamet-epidote-calcite contact rock. On the Eureka claim at tide 
water similar contact deposits are being developed and are reported 
to be of considerable extent. The Sunrise claims, three in all, are 
located west of the " Hole in the wall," and on these claims at points 
along a gulch small ore masses occur replacing limestone beds at or 
near their contact with granodiorite. At 1,050 feet elevation this con- 
tact aureole is 25 feet in width and contains considerable magnetite 
and chalcopyrite ore which shows much surface alteration. On the 
south slope of the hill at 950 feet elevation is an open cut exposing a 
highly crystalline marble, slightly banded, striking N. 65° E. and 
dipping 60** NW. This marble overlies the contact rock which 
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carries small amounts of the copper ore. On the Pennsylvania 
claims southeast of the Sunrise claims an open cut following a felsite 
dike at 850 feet elevation exposes a small vein 2 to 3 feet wide con- 
sisting of pyrite with small amounts of chalcopyrite. The prospects 
on the Venus claims show contact deposits similar to those exposed on 
the Sunrise claims to the north and are apparently along the same 
intrusive contact. The Pelaska claim, extending from the head of 
the cove westward, has been developed by a tunnel over 100 feet in 
length following a belt of altered limestone intruded by a diabase dike 
along which occurs the garnet-epidote contact rock carrying some 
chalcopyrite. This deposit is interesting geologically, but the amount 
of ore exposed is small. 

KARTA BAT. 

GENERAL DESCRIPTION. 

The name Karta Bay is applied as a general term to the entire 
northwest extension of Kasaan Bay. It is a relatively shallow em- 
bayment 3 miles in width, including a number of low, wooded islands 
and shoals, and affording several good anchorages. On the charts, 
however, the name is applied only to the harbor on the west side 
of this embayment, on which the Baronovich fishery and a small 
Indian village are located. The land northwest of this bay is low 
and is occupied by a " salt chuck " 2 miles in length and by 3 small 
lakes. To the southwest is a mountain range including Granite 
Mountain and other rounded summits less than 4,000 feet in eleva- 
tion, and to the northeavst is a low ridge of hills forming the divide 
between Karta and Thorne bays. The principal mines in the imme- 
diate vicinity are the Rush & Brown mine and the Venus group to 
the northwest, and the Goodro claims to the northeast (fig. 4). In 
1901, when A. II. Brooks visited this section, none of these properties 
had been located, and not until 1904 were the copper-bearing ore 
bodies discovered. 

The area is occupied principally by stratified rocks ranging from 
a fine tuff to a coarse conglomerate often showing a development of 
large hornblende crystals. These bedded rocks are invaded by 
granodiorite masses, and dike rocks of various composition intrude 
both the granodiorite and the bedded rocks. The copf)er ore occurs 
(1) at the contacts of the gi'anodiorite with greenstone tuff, con- 
glomerate, and limestone, avs at the Rush & Brown mine; (2) along 
shear zones in the greenstone tuffs and conglomerates, as at the Venus 
group and Rush & Brown mine; and (3) in small masses and dis- 
seminated particles scattered irregularly through an altered basic 
diorite, as at the Goodro claims. 
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Sititation and development. — The Rush & Brown property in- 
cludes eight claims extending from ^' salt chuck " northwesterly, the 
principal mine workings being located on the Iron Cliff claim at an 
elevation of 300 feet, and about 2 miles from the wharf at the head 
of the bay (figs. 4 and 5). In 1904 this property was prospected 
by long trenches and open cuts, and a shaft 25 feet deep was sunk on 




Pio. 4. — Map showing mines and prospects adjacent to Karta Baj'. 

the ore body. In 1905 it was leased by the Alaska Copper Company, 
and a new shaft was started 120 feet south of the old shaft and sunk 
to a depth of 100 feet. From the bottom of this shaft the principal 
ore body, the magnetite deposit, was developed by drifts and cross- 
cuts and a drift was extended to a second ore body, the sulphide de- 
posit, 160 feet farther northeast. At the close of 1907 the greater 
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portion of these ore bodies had been stoped out and the shaft sunk 
an additional 100 feet to a point from which a 200-foot level was 
started. The ore from the mines is transported by a gravity tram 
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Fic]. 5. — Sketch plan and section of mine workings, showing ore bodies at Rush & Brown 

mine. 

to ore bunkers one-fourth mile below the mine and thence by a rail- 
road 25 miles long to the wharf at the head of the bay, where ore 
bunkers of 2,000 tons capacity have been built. During 1906 ore 
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was shipped to the smelter at Coppermount, and in* 1907 shipments 
were made to the Tyee smelter at Ladysmith, British Columbia. 

Ore bodies. — Two ore bodies have been developed at the Rush & 
Brown mine. One is a contact metamorphic deposit consisting of a 
copper-bearing magnetite body 100 feet long by 30 feet wide in a 
gamet-epidote-calcite gangue lying between granodiorite and an in- 
durated greenstone tuff, the line of contact striking nearly east- west. 
The other deposit, 160 feet to the north, occupies a shear zone in the 
greenstone tuff and conglomerate beds, and is a sulphide body com- 
posed of pyrite and chalcopyrite in a quartz-calcite gangue, which is 
4 to 8 feet in width and has been developed over a length of 85 feet. 
The strike of this sulphide deposit is northeastward and its dip 60° 
SE. toward the larger deposit. 

VENUS GROUP. 

The Venus group of claims is located on Iron Creek 1\ miles 
from the head of Karta Bay and about 1 mile south of the Rush 
& Brown mine (fig. 4). This property was located in 1904 and a 
magnetic survey made. Within the area of maximum attraction a 
pit was sunk and a trench 50 feet in length was made through the 
overlying debris, exposing the magnetic deposit. Below these surface 
excavations, which are at an elevation of 250 feet, a tunnel 75 feet in 
length has been driven which crosscuts 50 feet of debris and 25 feet 
of country rock, and at its face exposes ore. The country rock is an 
indurated greenstone tuff with interstratified quartzite beds, the ore 
occupying a shear zone. Associated with the ore is considerable 
sphalerite and pyrrhotite with quartz and calcite as gangue minerals. 

GOODBO CLAIMS. 

The Goodro claims, also known as the Joker group, are located 
one-half mile from the head of the " salt chuck " entering Karta 
Bay (fig. 4). The surrounding area is relatively low, the claims 
being located on a knoll about 400 feet in elevation. The copper de- 
posit at this locality is of special interest because bornite is the domi- 
nant ore and it is the only locality in southeastern Alaska where 
bomite has been found in quantity. This ore occurs in small masses 
and disseminated particles associated with epidote, feldspar, and 
biotite, and is inclosed in a basic diorite which is largely replaced 
by these minerals. Native gold and considerable chalcopyrite also 
occur with the ore, and near the surface small amounts of chalcocite 
and native copper were noted. The diorite forms an extensive belt 
half a mile wide striking in a northwesterly direction (see PI. I). 
Laterally this mineralization is exposed across a width of 60 feet 
and for about 100 feet in length. It has been developed by a surface 
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pit 12 feet deep, by a cut 70 feet long, and by a tunnel 125 feet long 
which crosscuts the ore-bearing mass 90 feet below the surface and 90 
feet from its mouth. Slipping planes were observed at several points, 
but do not appear to have caugpd any noteworthy displacements. In 
an open cut a diabase dike is exposed which is evidently later than 
the ore deposition. Early in 1007 an ore shipment was made to the 
Hadley smelter and is reporte<l to have yielded good values in both 
copper and gold. 

TOLHTOl BAY. 

(iENERAI. DESCRIPTION. 

On the north end of Kasaan Peninsula, adjacent to Tolstoi Bay, 
which forms a good anchorage to the west, considerable prospecting 
has been done and numerous locations have been made, but none of 
the properties have been developed beyond the prospecting stage. 
The small promontory here is composed largely of the granodiorite 
intrusive masses which are exposed at Tolstoi Point and along the 
eastern slope of the mountain. On- the western slope and along the 
east shore of Tolstoi Bay the rock exposures are principally of 
tuffaceous sandstone and conglomerate and occasional strata of lime- 
stone. Both the stratified and the intrusive rock masses are crosscut 
by dikes of porphyry and diabase (see PI. I). The ore bodies are 
contact metamorphic deposits similar in character to those shown at 
the mines on the southern part of the peninsula. They are lenticular 
masses of magnetite carrying chalcopyrite and associated with garnet, 
epidote, calcite, and quartz, and inclosed in the bedded rocks near the 
intrusive granodiorite contact. 

IRON CAP (JROITP. 

This property, also known as the Mahoney group, consists of two 
claims located on the northwest slope of Tolstoi Mountain at an 
altitude of 1,000 feet and is reached by a trail 1^ miles long starting 
from a cove 2 miles southwest of Tolstoi Point (fig. 1). In 1901 
this property was prospected to a considerable extent by open cuts 
along a gulch and by several hundred feet of diamond-drill holes, 
but since that time it has been idle. The country rock consists prin- 
cipally of tuffaceous greenstone intruded by syenitic dikes of con- 
siderable width which are apparently related to the ore deposits. 
Three ore bodies have thus far been located, the largest being 20 feet 
in width and traceable for 50 feet in length, the major axis striking 
X. 45° W. A second ore body, separated from the first by a 30-foot 
dike of an altered intrusive syenite, is 12 feet in width and is limited 
on the foot-wall side to the southwest by a fault plane showing 
a considerable gouge seam, and toward the hanging wall grades into 
a gamet-epidote contact rock. The third ore body, which lies just 
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above the other two at an elevation of 1,080 feet, appears to be a 
flat-lying magnetite deposit only a few feet in thickness. 

WALLACE GROUP. 

The Wallace group includes four claims situated on the southeast 
slope of Tolstoi Mountain between 800 and 1,600 feet in elevation 
(fig. 1). At several points on this property small scattered masses of 
copper ore are exposed, but at no place have investigations been suffi- 
cient to determine the extent of these deposits. The uppermost ore 
exposures have been opened by a short tunnel in which a vein of 
gamet-epidote rock is shown containing chalcopyrite and striking N. 
15° W. and dipping 20° SW. At the lower openings a magnetite- 
chaleopyrite ore is exposed, but the bodies do not appear to be 
extensive. 

TOLSTOI GROUP. 

The Tolstoi group of claims is located south of the AVallace group, 
just below the summit of Tolstoi Mountain (fig. 1). The ore bodies 
are low-grade magnetite-chalcopyrite masses similar to those on the 
Iron Cap group, but they have not been so extensively prospected. 
No developments more than the required annual assessment work 
have been accomplished on this property. 

BIO FIVE CLAIM. 

The Big Five claim lies half a mile east of Tolstoi Bay, on the trail 
to the Iron Cap group, at an elevation of 370 feet (fig. 1). A tunnel 
50 feet in length and a shaft expose scattered masses of chalcopyrite, 
pyrrhotite, and pyrite in a gangue of garnet, epidote, and calcite, the 
deposit being 10 feet wide. This deposit is a replacement in lime- 
stone beds, and many slipping planes, defined by gouge seams, tra- 
verse both ore body and country rock. Assessment work only is 
done on this claim each year. 

KASAAN BAY PR08PECTS. 

SUNNY DAY GROUP. 

The Sunny Day group of three claims is located on the south side 
of Kasaan Bay, opposite Kasaan village. The vein follows the hang- 
ing wall of a wide porphyry dike striking X. 65° E., with vertical 
dip, and carries chalcopyrite with low gold and silver values. It has 
been traced for some distance by means of surface exposures and open 
trenches and found to vary not only in width but also in mineraliza- 
tion. The porphyry dike invades a complex of highly metamorphosed 
greenstones, with occasional marble bands and bosses of diorite. A 
tunnel begun several hundred paces from the shore has been driven 
150 feet to undercut the vein, but so far has failed to do so. 
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8 HELTON GROUP. 



This group of two claims is situated on the east side of Twelvemile 
Arm about 3 miles south of Hollis and at an elevation of about 1,000 
feet. The vein outcrops in the beds of a small mountain creek and 
has been further investigated by a short tunnel and an inclined shaft 
25 feet deep. The vein strikes N. 20° E., dips 65° SE., and occurs in 
a fractured limestone belt, which is an integral part of a formation 
including chlorite and greenstone schist and phyllites. In the tunnel 
well-marked slipping planes lined with gouge and slickensided were 
observed. This vein, which averages perhaps 6 feet in thickness, con- 
tains pyrite, chalcopyrite, and malachite in a quartz-calcite gangue, 
and is reported to carry values of copper with some gold and silver. 
Before actual mining can begin at this point, however, the vein must 
be exploited further and its probable extent determined. 



NIBLICK ANCHORAGE. 

GENEBAL DE8CBIPTI0N. 



Niblack Anchorage is a small embayment and harbor 2 miles in 
length on the east side of Prince of AVales Island ; its entrance, which 
is but 100 yards wide, connects with Moira Sound. The topographic 
relief in the vicinity is abrupt, the mountains rising to altitudes be- 
tween 1,500 and 2,000 feet within a mile of tide water. A broad 
valley extends northwestward from the head of the bay and is 
occupied by two small lakes, the lower. Myrtle Lake, being three- 
fourths of a mile long and 90 feet above sea level, and from this 
fall sufficient power for mine purposes can be obtained (fig. 6). 

The rock exposures in the vicinity of Niblack Anchorage consist of 
various types of greenstone schist with occasional bands of quartzite, 
altered grits, and quartz-sericite schist. They have a general N. 60^ 
W. strike and dip from 60° to 70° SW. In places slickensided sur- 
faces and gouge seams were noted, showing evidence of considerable 
faulting at various angles to the lines of bedding. The only intrusive 
rocks in the vicinity of the ore bodies that intersect these bedded 
rocks are occasional dikes of diabase. On the ridge north of Niblack 
Anchorage and also to the south in Moira Sound (see PI. I) a granitic 
intrusive was exposed. 

Pyrite and occasional particles of chalcopyrite are distributed 
widely throughout this rock complex, but the sulphide minerals are 
rarely present in amounts sufficient to warrant exploration. A zone 
of such mineral concentration occurs at the Niblack mine and has 
been developed across a width of 250 feet, its trend being northwest 
up the mountain slope. 
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The ore bodies in this zone -oecur as niinerahzed bands, veins, and 
lenticular masses, usually parallel to the rock cleavage, which is also 
the bedding plane. The bodies which ai*e of most imix)rtance consist 
essentially of a massive sulphide ore, and vary from 10 to 100 feet 
in length and from 5 to 20 feet in width, and extend from 50 to 100 
feet in depth. Many faults are present and have important bearing 
on the shape and extent of the ore bodies. The ore minerals are 
principally chalcopyrite and pyrite, with small amounts of sphalerite. 
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Fig. 6 — Map showing position of mine at head of Niblaclc Anchorage. 

the chalcopyrite occurring principally in the greenstones, while the 
pyrite occurs abundantly in both the greenstone and the sericite 
schists. 

NIBLACK MINE. 

Situation and development, — The Xiblack mine, located on the 
Judge claim of Lookout group No. 2, is situated on the southwest 
side of the anchorage and but a few hundred feet from tide water. 
This property was first developed in 1902-3 by the Wakefield Mineral 
Lands Company and in 1904 was leased by the Xiblack Copper Com- 
pany, the present operators. The principal mine workings are on 
the Judge claim close to tide water, where the coppei' ore was first 
discovered (fig. 6). At a point 150 feet from and 30 feet above high 
tide is a two-compartment shaft inclined at an angle of G8°. From 
40W0— Bull. 347—08 
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this shaft four levels have been extended at depths of 50, 100, 150, 
and 225 feet from the surface, and during 1907 the shaft was extended 
an additional 75 feet in depth, from which point the fifth level was 
opened up. The total amount of underground drifting, including 
raises and winzes at the close of 1907, is estimated at about 5,500 feet. 

The surface developments consist of a shaft house equipped with 
a 500-foot steam hoist, a 5-drill air compressor, a wharf 700 feet 
long extending to deep water, on which ore bunkers have been erected, 
a power house, a machine shop, a general store, and various other 
necessary mine buildings. 

Ore bodies. — ^Three large ore bodies have been opened in this mine, 
l)esides smaller veins and masses occurring in the shaft and along 
the drifts. The north or foot- wall vein, which has yielded a large 
tonnage of the ore, is 200 feet in length, and averages 20 feet in 
width, and about 100 feet in depth, having the shape of a drawn-out 
lens. It extends from the surface to the 100-foot level, is parallel 
in strike and dip to the greenstone-schist inclosing rock, and pitches 
northwesterly. It is displaced in depth by fault planes crossing 
the rock formation at an acute angle and marked by a gouge 2 to 
() inches wide. Where the surface of this fault plane was observed 
in the stopes its face was grooved and polished. Other slipping 
planes occur at angles to this main fault and one apparently cuts off 
the ore body in the face of the northwest drift on the 50-foot level. 
The south vein, which has been developed principally from the 150- 
foot level, is similar in character, but not so large. In this, as wa.s 
also noted in the other deposits, the sulphides of iron and copi>er 
appear to have replaced the greenstone inclosing rock to considerable 
extent, and fragments of the altered greenstone are present in the 
ore mass. These rock fragments are impregnated with the sulphides 
and often appear to grade into the massive ore without definite 
dividing lines. On the 225-foot level a newly discovered ore body 
has been exposed over a length of 90 feet and width of 15 feet. 
This body was intersected by an altered diabase dike apparently 
more recent than the ore deposition. The shaft is being sunk lower 
in order to investigate this ore body. The smaller ore bodies con- 
sist of veinlets a few inches wide, cutting the greenstone in various 
directions, and seams of sulphide ore in the more schistose rock 
following the stratification. In the country rock a decided penciling 
or slight folding occurs in the more schistose beds, forming grooves 
pitching 50 '^ NW., along the lines which the ore bodies seem to 
follow. 

The ore minerals are chalcopyrite and pyrite with small amounts 
of sphalerite and hematite and with some galena, the gangue minerals 
being quartz and calcite. Besides the copper content, gold and silver, 
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amounting to $1.50 to $2.50 per ton, and 1 to 2 per cent of zinc are 
present in the ore. The ores also contain considerable iron and sul- 
phur and sufficient silica for smelting purposes. 

LOOKOUT GROUP. 

The Lookout group of five claims, belonging to the Wakefield Min- 
eral Land Company, is situated on the south slope of Niblack 
Anchorage between 1,000 feet and 2,000 feet elevation and about 1 
mile from tide water (fig. 6). These claims were first located in 
1900, and in 1901 considerable development work was done and the 
adjacent areas were prospected. No important discoveries, how- 
ever, were made and only a small amount of assessment work has 
since been done. The principal developments are on the Conundrum 
claim, where a 160- foot tunnel has been driven along a belt of miner- 
alized schist striking N. 65° W. and dipping 70° SW. Along the 
hanging-wall side of this belt is a schistose greenstone, containing 
stringers of mineral-bearing quartz. A second tunnel 60 feet in 
length has been started on the same belt 150 feet above the lower tun- 
nel- On the Lookout claims at 1,600 feet elevation an open cut ex- 
poses a mineralized belt of considerable width, consisting of brecci- 
ated sericite and greenstone schist intermixed with quartz and small 
masses of sulphides which also penetrate the schists. These mineral- 
ized belts are low in grade and at present can not be mined with 
profit. The introduction of a concentration plant to obtain a richer 
product for shipment is under consideration. 

COPPER CLIFF MINE. 

The Copper Cliff mine, also known as the Dama group, is located 
on the south side of Niblack Anchorage about 1 mile southeast of the 
Niblack mine (fig. 6). A large amount of development work was 
done on these claims in 1903-4 and to some extent in 1905, but since 
then the property has been idle. The main workings are on the Dama 
claim at an elevation of 750 feet and consist of a tunnel 200 feet 
in length, from which 250 feet of crosscuts and drifts have been ex- 
tended, and a shaft 40 feet in depth sunk at a point 200 feet above 
the tunnel. In this tunnel the mineralized greenstone schists are ex- 
posed, including lenticular bodies of massive sulphide ore. The latter, 
however, are smaller and contain less of the chalcopyrite ore than the 
ore bodies at the Niblack mine. The inclosing country rock strike'^ 
N. 50° W. and dips 50° to 70° SAV. with a prominent jointing system 
striking N. 45° E. and dipping 70° SE., and along these planes thin 
leaves or films of native copper were observed. On the adjoining 
claims mineralized schist is exposed by open cuts on trenches, but at 
none of these places w^ere ore bodies of any size observed. 



Digitized by 



Google 



132 KETCHIKAN AND WRANGELL MINING DISTBICTS, ALASKA. 

\vaki-:field group. 

The Wakefield group of claims, property of the Moira Copper Com- 
pany, lies about 2 miles northeast of Niblack at an elevation of 1,100 
feet, on the east side of Luella Lake, and can be reached by trail either 
from Niblack Anchorage or from the north shore of Moira Sound 
(fig. 7). From the head of Niblack Anchorage the trail leads over a 
pass 1,850 feet in elevation and then down to Luella Lake 1,000 feet 
above sea level. The claims were located in 1904 and have not yet 
been thoroughly exploited. A shaft 50 feet deep has been sunk ex- 
posing an ore body for 25 feet in depth, and several open cuts have 
been made on a mineralized belt of schist. The country rock is made 
up of various types of greenstone schist and altered slates and grits, 
striking N. 40° W. and dipping 80° SW. The ore body is a lenticular 
mass of chalcopyrite 10 feet in width, its length and depth lx»ing 
undetermined. The mineralized belt of schist is about 60 feet across 
and contains a large amount of pyrite associated with quartz and 
epidote. 

NOETH ARH OF MOIBl SOOfD. 

QENEBAL DESCRIPTION. 

The entrance to North Arm in Moira Sound lies just north of Nib- 
lack Anchorage on the east coast of Prince of Wales Island (fig. 7). 
It is an inlet 7 miles in length with a northwesterly trend and at its 
head is a narrow channel terminating in a " salt chuck '' or shallow 
embayment. Just north of the narrow chamiel a stream 50 feet wide 
tributary from Mineral Lake enters the bay, and along this stream 
are the principal mine workings. The rock exposures in this inlet , 
include the various types of greenstone and sericite schists interstrati- 
fied by beds of limestone usually altered to a banded siliceous mar- 
ble. At one locality an attempt has been made to quarry one of these 
marble deposits, but so far with little success." 

CYMBU MINE. 

Situation and development. — The Cymru mine is located on the 
north side of Mineral Creek three-fourths of a mile from the head of 
North Arm (fig. 7). The ore occurrence at this locality has been 
known since 1900 and is briefly described by Alfred H. Brooks, who 
visited this section in 1901. Since that time the claims have been re- 
located at different times because of a lack of assessment work. 
Early in 1906 these properties were purchased by the Cymru Mining 
Company and active developments were begun and considerable 
ore produced the same year. Mining operations continued until 

"A description of thew marble deposits Is jflven under the heading ** Building stones," 
pp. 191-200. 
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June, 1907, when all work was suspended. The present developments 
consist of a shaft 105 feet deep, from which two levels at 50 and 100 
feet have been extended, the 50-foot level connecting with an adit 
tunnel 184 feet in length. On the surface the veins have been opened 
to a considerable depth by trenches 4 to 8 feet in width and several 
hundred feet in length. At a point 350 feet to the west of the shaft 
an inclined shaft has been sunk 85 feet deep on the same vein. This 
shaft also connects with an adit level 30 feet in depth, which is 90 




FiQ. 7. — Sketch map of Moira Sound, showing location of mines and prospects. 

feet in length. A surface tram of 36-inch gage leads from the mine 
to the ore bunkers at tide water, a distance of 4,200 feet, the cars be- 
ing propelled by an 8-horsepower gasoline engine. From the ore 
bunkers, which have a capacity of 1,600 tons, a wharf 40 by- 70 feet 
has been extended to deep water so that ore ships may be loaded di- 
rectly from the bunkers by conveyor belts. 

Ore bodies. — ^The ore bodies are vein deposits from 1 foot to 10 
feet in width, inclosed in a limestone country rock striking N. 60° W. 
and dipping 65° S\V. The limestone is interstratified with quartzite 
and greenstone schists and in many places is banded and altered to 
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marble. In these beds faulting planes occur, showing small displace- 
ments and shear zones. Four veins parallel with the stratification of 
the inclosing rocks have been exposed by surface trenches all within 
a distance of 100 feet of one another. The ore contained in these 
veins consists of pyrite and chalcopyrite in a gangue of quartz and 
calcite. Small transverse veinlets also occur in the wall rock adja- 
cent to the veins, in which small ore masses are present, and the rock 
itself is at many places impregnated by the sulphide minerals. Sur- 
face oxidation or weathering along the vein outcrops has produced 
secondary ores, essentially malachite and limonite, but these are 
practically absent in the underground workings. 

8K0WL ABM. 

GENERAL DE8CBIPTI0N. 

Skowl Arm, an inlet 12 miles in length, has its entrance due west 
from the south end of Kasaan Peninsula, and 4 miles inland is the 
mouth of McKenzie Inlet, the south branch of Skowl Arm (fig. 8). 
The head of Skowl Arm is only 6 miles from Cholmondeley Sound, 

but the intervening land rises to 
a high elevation. The shores of 
this arm are abrupt and the sur- 
rounding mountains rise to al- 
titudes of 3,000 feet or more. 
The channel itself is free from 
dangers to a point 1 mile beyond 
the mouth of McKenzie Inlet. 
Beyond this point and also in 
McKenzie Inlet are many reefs 
and rocky islands, rendering nav- 
igation dangerous. 

The rock exposures around the 
shores of this inlet are composed 
largely of a complex of dioritic 
and granitic intrusives which 
invade the older limestone and 
greenstone-schist strata exposed 
along the north shore of the inlet 
and to the south in Cholmon- 
deley Sound. Within this area 
of igneous rocks are included 
belts of schist, gneiss, and shear zones, and it is in these that the 
ore bodies are found. The principal ore deposits at the head of 
McKenzie Inlet consist of masses and heavily mineralized portions 
of the schists containing essentially pyrite with chalcopyrite. 

Digitized by LjOOQIC 




Fio. 



8. — Sketch map of McKenzie Inlet, 
showing mine locations. 



COPPER MINES. 135 



KHATYAM MINE. 



Situation and development. — ^The Khayyam mine, operated by the 
Omar Mining Company, is situated 2,500 feet above sea level on the 
summit of a mountain ridge 2.8 miles in an air line southwest of 
Kiam, a mining camp on McKenzie Inlet (fig. 8). This property 
was first located in 1899, and from 1901 to 1905 mine developments 
on a considerable scale were accomplished and transportation facili- 
ties were extended to tide water. In 1906 operations were suspended, 
but in July, 1907, were again resumed, and were in progress until 
October. The mine workings consist of several long tunnels 60 to 
680 feet in length at elevations of 2,000 to 2,500 feet above tide 
water. From these workings an aerial tram 1 mile in length carries 
the ore to bunkers in the valley bottom, whence it is transported over 
a surface tram 2^ miles long to ore bunkers at tide water, where it is 
loaded into boats and shipped to the smelter. 

Ore bodies. — In general the ore bodies are elongated lenses of sul- 
phide ore coinciding in strike and dip with the schistosity of the 
inclosing rock. The surrounding formations vary greatly and consist 
chiefly of banded basic hornblende gneiss (altered diorite) interbanded 
with more siliceous gneiss belts, the trend of the structure being N. 
Sb"^ W. and the dip 80° to 90° north. Several diabase dikes were 
noted intruding this complex of altered igneous rocks, and one dike 
30 feet in width striking N. 65° W. at a slight angle to the schis- 
tosity can be traced nearly a mile. These dikes are of relatively 
recent intrusion and have played no part in the formation of the ore 
bodies. Two systems of joint planes are present along which faulting 
has occurred. The one system strikes N. 80° E. and dips 80° S. with 
an almost horizontal pitch indicated by striae and grooves along the 
fault planes. The second system strikes north and south, dips 60° to 
80° E., and pitches 60° to 70° N. At one point a fault of this system 
limits the ore body and is defined by gouge and broken rock. Many 
quartz veinlets are present along this transverse system of jointing 
cracks. The ore bodies are probably genetically related to the diorite, 
and particles of the sulphide minerals are finely disseminated 
throughout this rock where massive and less altered. The contacts 
of the ore masses are usually well defined, but in some places the ore 
is " frozen " to the walls. 

The ore bodies have been exposed on the surface by open pits and 
trenches and have been crosscut at a depth of 50 feet by the Powell 
tunnel 220 feet in length. In this tunnel four ore bodies varying 
from 6 to 20 feet in width, along which 350 feet of drifting has been 
extended, are exposed. These ore bodies are all limited on the west 
by a fault plane, the displacement of which is not known. The 
Kimball adit tunnel, 350 feet lower than the Powell tunnel and 680 
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feet ill length, crosses the formation so as to intercept all of the ore 
bodies exposed above it, but encounters no mineral bodies, and ex- 
I)oses only the banded and jointed diorite in which sulphides or iron 
in scattered particles occur locally. From the observations in the 
tunnels and surface openings the ore bodies appear to have the form 
of irregular elongated lenses nearly vertical in position, with the 
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major axis parallel with the schistosity of the inclosing rock (see 
fig. 9). The main ore zone has been traced for 500 feet or more in 
length and is alK)ut 50 feet wide. Transverse faulting has displaced 
these bodies considerably at some points. The mineral content of 
these irregular deposits is chiefly pyrite with disseminated chalco- 
pyrite, a small percentage of pyrrhotite, and some sphalerite and 
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magnetite. A sample taken by H. W. Turner^ from No. i lens in 
the Powell adit was pulverized and treated with a horseshoe magnet 
and yielded 7 per cent of magnetitic pyrite or pyrrhotite. From the 
remaining sulphide the chaleopyrite was separated and each of the 
three sulphide minerals was then assayed to ascertain whether the 
precious metals accompanied a particular sulphide. The following 
results were obtained : 

Analysis of sulphides from Khayyam mine, fikowl Arm, for gold, silver, and 

copper. 



Chakopyrito- 
PjiTbotIt*..-. 
Pyrite- 



Gold. 



Percent, 

0.16 

.08 

.03 



Silver. I Copper. 



Per cent. ' Per cent. 

8.00 I 2&.97 

.62 2.67 

.40 ' 2.82 



The copper content of the pyrrhotite and pyrite is attributed to 
finely disseminated chaleopyrite in them, and the higher content of 
precious metals in the chaleopyrite suggests that the gold and silver 
favor this sulphide. A qualitative test of the pyrrhotite ore was made 
for nickel, but none was found. The values in the ore are essentially 
in copper and gold, but the sulphur content is considerable, and 
through this constituent alone the ore may be of value. 

MAMMOTH GBOUP. 

Location. — ^The Mammoth and Lake View claims are situated about 
1 mile southeast of the Khayyam mine at 1,200 feet elevation, just 
above the head of the Khayyam surface tram (fig. 8). These pros- 
pects are along the same general line of strike and in the same rock 
formation as the Khayyam deposits, but the ore bodies exposed are 
lode deposits of fairly uniform width and continuous in extent. 
The mine developments on these properties consist of two long tun- 
neLs and several open cuts. During 1907 work was in progress from 
July to October. 

Ore bodies, — ^The main workings are on a lode deposit some 20 
feet wide and in this the richer ore is concentrated along the hanging 
wall across a width of 2 feet. The strike of the lode is N. 75° W. 
and dip 80° N., the inclosing rock being the metamorphic schists. 
The ore mass is composed of pyrite, pyrrhotite, chaleopyrite, some 
zinc blende, and magnetite, with quartz, calcite, and chlorite occur- 
ring sparingly as gangue minerals. The same vein has been exposed 
on both Mammoth No. 1 and No. 2 claims over a length of 1,000 
feet and has been developed principally by two tunnels 180 and 165 
feet in length, at elevations of 1,100 and 1,250 feet, respectively. 

•Min. and Sci. Press, August 11, 1906. 
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Other ore masses and bands of mineralized schist have been found on 
these claims and investigated by surface stripping and open cuts. 

GRAVIKJl IHLA?iD. 

GENERAL DESCRIPTION. 

Gravina Island, containing 102 square miles, is separated from 
Revillagigedo Island by Tongass Narrows and forms a comparatively 
low, heavily timbered mountain mass wast of Ketchikan. The highest 
peaks are less than 3,000 feet altitude. Along the northeast and 
northwest shores of the island rocks of the slate-greenstone belt are 
exposed. These overlie a succession of older schists, limestones, and 
occasional conglomerate beds of Devonian and lower Carboniferous 
ages, which are exposed at Vallenar Bay and along the southeast and 
southwest shore of the island. Intruding these beds are large masses 
of diorite which form a considerable portion of the east and west 
mountain ridges. Intrusive dike rocks of various composition are 
also present, and on the south end of the island is an area of rhyolitic 
lava flows and tuffaceous beds (PI. II). 

The mineral deposits consist of ore bodies bearing both copper and 
gold and occurring in lodes and veins in irregular masses. Copper de- 
posits are being developed in the vicinity of Dall Head and Seal Bay, 
on the south end of the island, and near Vallenar Bay, on the north 
end. The gold deposits are confined to the slate-greenstone rocks 
along the northeast side opposite Ketchikan. 

PROSPECTS AT SEAL BAY AND DALL HEAD. 

Considerable prospecting has been done on the southern end of 
Gravina Island, copper-bearing deposits having been discovered and 
exploited at several localities. The geology of the region is extremely 
intricate, owing to the great variety of intrusive and extrusive rocks 
and to the intricate faulting which has affected the entire rock com- 
plex. The general topography is rough and is controlled apparently 
in large measure by the bed-rock geology. The west side of Gravina 
Island is flanked by a range of hills which join north of Dall Bay 
with an abrupt ridge running parallel with the southeast shore. The 
latter ridge consists largely of red-colored porphyritic lavas and 
tufts, frequently intercalated with calcareous deposits in which traces 
of fossils are visible. Wesi of Dall Bay banded gneiss covers a large 
area, and still farther west in a small bay a fossiliferous limestone 
conglomerate of lower Carboniferous age was discovered, which con- 
tains abundant altered eruptives and is underlain to the south by 
eruptive rocks of various types. Along the shores of Seal Bay a 
similar conglomerate occurs, but it is less calcareous and without 
fossil remains. Near Seal Bay numerous large dikes of pegmatite 
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invade the schist, quartzites, and greenstones. The general strike of 
the schists is about north and the dip vertical or steep toward the 
east. 

The ore bodies occur chiefly along planes of movement in the 
schists, especially along the planes of bedding and schistosity. In 
general, deposits are found sporadically and do not appear to persist 
for any distance along the surface. No ore bodies have yet been de- 
veloped in depth in this area, and it is probable that their occurrence, 
both horizontally and vertically, is irregular. The ore is chiefly 
pyrite and chalcopyrite, carrying some gold, with quartz, calcite, 
chlorite, and iron carbonate as gangue. With the exception of one 
claim near Dall Head, 
the claims in this area 
have been developed 
very slightly during 
the last few years and 
have changed but lit- 
tle since 1901, when 
Brooks visited and re- 
ported on the princi- 
pal claims. It will, 
therefore, be necessary 
here only to supple- 
ment his descriptions 
with the mention of 
the few changes that 
have occurred in the 
intervening years. 

On the Concord 
group near Dall Head 
a shaft has recently 
been sunk on a 3-foot 
vein striking X. 20° 
W. and dipping verti- 
cally in a country rock 
of metamorphosed breccia conglomerate (fig. 10). The metallic 
minerals are pyrite and chalcopyrite with quartz and carbonate 
gangue. Nearer the shore on the Sanford group a similar vein has 
been exposed by open cuts and a short shaft in a much-altered 
chlorite rock, but high values do not characterize these ore bodies. 
The claims visited by the writers were : The Jewel claim, on a quartz 
vein with pyrite striking north and south ; the Doe claim on a quartz 
vein 3 to 6 feet wide, striking N. 20° E., containing pyrite and chal- 
copyrite, and inclosed in a siliceous chlorite schist ; the Buck claim, on 
a wide quartz vein in altered quartzite and schist, which is reported to 
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assay well in gold and copper ; the Damon and Plutyas claims, on a 
quartz vein heavily mineralized with pyrite and striking X. 20^ W. 
in a banded chlorite country rock; the Bay View claim, on a quartz 
vein with pyrite and chalcopyrite, along which a 100-foot drift has 
been driven; the Grotto claim, on a wide vein deposit which has 
been developed by about 550 feet of drifts and crosscuts, and which 
occurs along slipping planes in a complex country rock consisting 
of chloritic schists, conglomerates, and altered eruptive masses; the 
Big Joe claim, on a well-defined 10-foot quartz vein striking north 
and south, which carries pyrite and some chalcopyrite and can be 
traced for over 3,000 feet in much metamorphosed chlorite schists; 
the Hobo and the War Eagle claims, on a 10-foot vein wuth well- 
defined walls containing pyrite and chalcopyrite; the Algonquin 
group of four claims and the Black Warrior group of three claims, 
on small veins of the usual type in chloritic schistose country rock; 
and the Carita group, located in a cove 1 mile west of Dall Bay, on a 
quartz vein in calcareous conglomerate carrying stringers of chal- 
copyrite (fig. 10). 

PROSPECTS AT VALLENAR BAY. 

During the early mine developments of the Ketchikan district 
in 1899 and 1900 much work was advanced on a group of claims at the 
head of and to the west of Vallenar Bay (PL II). Shafts were sunk 
and tunnels driven, but the ore bodies did not prove to be extensive, 
so that work was soon suspended and has not been resumed. At the 
Six Point property on the west side of the bay the shaft and tunnel 
expose a quartz vein apparently following the contact of a diabase 
dike and containing pyrite with some chalcopyrite, the inclosing 
country rock being a slaty lime>;tone. The vein is but a few feet 
in width and pinches to a narrow seam in several places. Southwest 
of this property on the west coast of the island is the White Knight 
gi'oiip of two claims, on which have been exposed small masses of 
chalcopyrite ore, associated with pyrrhotite and pyrite, inclosed in a 
greenstone country rock. Practically no work has been done on these 
mineral deposits and little is known of their extent and value. 

PrJfCAN CANAL. 

GENERAL DESCRIPTION. 

Duncan Canal is an inlet 20 miles long and three-fourths mile to 
1^ miles wide, on the south side of Kupreanof Island, 3 miles west 
of Wrangell Straits. At the head of the bay is an extensive tide 
flat, which runs dry at low water and prevents navigation farther 
than 12 miles from the entrance. At high water, however, a small 
launch or rowboat can proceed to the head of the long, arm, shown 
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Oil the map, and from this a low marshy valley extends northward 
across the island to Portage Bay, a distance of 5 miles (fig. 11). 

Tlie rock formations of this canal are made up essentially of slates 
and greenstones along the eastern shore and of calcareous and 
siliceous schists on the western shore. In the center of the canal is a 
small island composed of lava showing basaltic structure (PI. III). 

The mineral deposits are all located at the head of the bay and are 
reached by trails starting from the center arm. - They consist of vein 
depasits either in the slates and greenstones or in the schists, which 
contain principally values in copper, with some gold and silver. None 
of the properties have been de- 
veloped beyond the prospecting 
stage, and there has therefore 
been no production in this sec- 
tion. . 

POBTAU£ MOUNTAIN QBOUP. 

This group of claims, owned 
by the Portage Mountain Min- 
ing Company, is situated 4 miles 
from tide water at the head of 
Duncan Canal, at an elevation 
from 2,000 to 3,000 feet on the 
west slope of Portage Mountain 
(fig. 11). The rock formations 
on these properties consist of 
slates and greenstones intruded 
by diorite masses and dikes of 
diabase. The mineral bodies are 
vein deposits striking northeast- 
ward across the general north- 
west trend of the inclosing slates ^'?, n-Map showing location of Portage 

» ^ Mountain and Kupreanof groups of 

and greenstones. Several veins claims and prospects at the head of 
at various points have been lo- ^'"^^"° ^"°**- 
cated and prospected by small open cuts. They are but a few feet wide 
and contain some chalcopyrite and small values in gold and silver, 
the gangue being quartz and calcite. Although mineral-bearing 
veins are exposed at a dozen or more points, no large ore bodies have 
as yet been developed in this area. 




KUPREANOF GROUP. 



The Kupreanof group of claims, owned by the Portage Mountain 
Mining Company, lies miles to the east of the Portage group. It 
is 2i miles from the head of Duncan Canal and at an elevation of 
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800 feet (fig. 11). This group was first located in 1900 and was 
well prospected by tunnels and shafts, after which no work was done, 
and the -claims were relocated in 1902. Since that time little more 
than the annual assessment work has been done. On this property 
a vein deposit 200 feet long and from 3 to 6 feet wide, having a north- 
easterly strike and dip of 30® N., into the mountain, is exposed 
at several points. The vein material is composed largely of sulphide 
minerals, pyrite and pyrrhotite predominating and containing chal- 
copyrite and small values in gold and silver. The gangue is quartz 
and calcite. A considerable quantity of ore of moderate grade has 
been developed at this locality, but the position of the deposit is not 
now favorable for economical mining. 

TAYLOK CREEK PROSPECTS. 

The prospects up Taylor Creek are located IJ miles from West Bay 
at the head of Duncan Canal at an elevation of 170 feet (fig. 11). 
These locations were made in 1904, and small developments have since 
been made. An open cut 30 feet long on the west side of the creek, 
100 yards above a cabin, exposes a 12-foot band of mineralized lime- 
stone intersected by quartz veinlets and containing galena, sphalerite, 
pyrite, and chalcopyrite in small, scattered patches. The strike of 
this deposit was N. 80° W. with a dip of 45° NE., parallel to the 
bedding planes of the inclosing rocks. Diabase dikes from 1 foot 
to 6 feet wide, striking northward, were observed in the creek bed 
intruding the rocks. 

GOLD MINES. 
GENERAL STATEMENT. 

The gold mines of the Ketchikan and Wrangell districts are few 
and scattered, and only a small number of the many gold prospects 
and claims have been developed to the producing stage. Although 
this metal is widely distributed in all of the older rock formations, 
both in veins and lodes, it is rarely found in deposits of sufficient 
size and grade to constitute ore bodies, and those localities where 
the ore bodies are being mined are necessarily located but a short 
distance from tide water, where transportation facilities and water 
power are available. The ore produced by these mines is for the 
most part free-milling, that is, an ore from which the greater per- 
centage of the gold content may be extracted by amalgamation. It 
is therefore most advantageously treated in a stamp mill by amal- 
gamation and concentration, and tlie concentrates alone should be 
shipped to the smelter for treatment, though in certain instances where 
a siliceous ore is in demand the gold ore has been sold direct to the 
smelter. In general the vein ores contain the largest values per ton, 
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but the lode ores though lower in grade are present in greater quan- 
tity. Both types of deposit are being mined with profit. 

THOR?tE ARM. 

General description. — ^Thome Arm is a wide, deep-water indenta- 
tion in the southern end of Revillagigedo Island. Its general trend 
is about north and south across the strike of the underlying country 
rock. The dissected mountain ridges are less precipitous and lower 
than those to the east and rarely exceed 2,000 feet in elevation. Abun- 
dant evidence of intense ic*e abrasion characterizes the landscape on 
all sides. The shore line is abrupt and rocky and near the head of 
the bay sliould be approached in boats with caution because of hidden 
reefs and rocky shelves which extend far into the bay. 

The bed-rock geology is complex and structurally intricate (PI. II). 
At the upper end of Thome Arm are crystalline schists and lime- 
stones, whereas toward the central part slates and greenstones 
intruded by large masses of altered basic igneous rocks predominate. 
The entire complex is further cut by later granitic and dioritic intru- 
sive dikes and stocks similar in character to the Coast Range granodi- 
orite. The southern third of the bay cuts across a wide intrusive belt 
of granodiorite, which in places contains garnet as an accessory con- 
stituent and is noteworthy because of its uniform composition and 
appearance and the absence of dikes which prevail along the west- 
em contact of the Coast Range intrusives. Dike rocks, ranging 
in composition from diabase to aplite and quartz porphyry, are also 
common. At the Sealevel mine a dike rock occurs in conjunction 
with the ore body and was described by Brooks <» as an altered rhyo- 
lite (aporhyolite). It is interesting because of its probable bearing 
on the genesis of the ore. The latest rocks in the Thorne Arm region 
are postglacial basaltic lava flows, which occur as wide surficial 
Aeets near the northwest head of the bay, also northeast of Sealevel 
and 5 miles to the south along the shore. These lava flows are of the 
usual feldspar basalt type with occasional crystals of olivine showing 
only slight alteration and are in many places vesicular and rough in 
appearance; columnar jointing characterizes many exposures. Al- 
though postglacial, these lavas are covered more or less completely 
with a dense forest growth. 

Mineralization is widespread in this region, especially near the 
intrusive granite masses. Near Sealevel, where prospecting has been 
done most energetically, the values are contained in gold- and silver- 
bearing quartz veins included in the sericite and greenstone schists and 
usually following or crosscutting an intrusive dike rock. The veins 
trend in a general northeasterly direction and dip southeast at varia- 

• Brooks, A. H., Prof. Paper U. S. Geol. Survey No. 1, 1902, p. 65. 
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ble* angles, frequently filling original slipping planes or fissures 
bounded by free walls with more or less gouge material. 

The ore consists usually of the sulphides, pyrite, pyrrhotite, galena, 
and sphalerite in variable quantities, together with occasional parti- 
cles of native gold. The gangue minerals are chiefly quartz and cal- 
cite with variable amounts of chlorite, muscovite, siderite, and per- 
haps feldspar. Considerable gold was extracted from the Sealevel 
vein several years ago, though in the last few years no work has been 
done. 

The accompanying sketch map (fig. 12) was drawn largely from 
hastily paced traverses and presents only the general location of the 
more important claims. Many other claims were observed, but they 
have been developed so slightly and relocated so frequently that it 
was not possible in the short time available to unravel the latest loca- 
tion notices and to trace out the latest lines in the maze of inter- 
weaving lines of previous locations. 

Sealevel mine, — ^The Sealevel property has been in litigation for 
several years, and developments have progressed very slowly in con- 
sequence. Conditions have changed but slightly since the visit of 
Alfred H. Brooks in 1901, and his descriptions apply equally well to 
present conditions. The claim is situated near the northeast head of 
Thorne Arm and has been developed underground by a 3-compart- 
ment shaft 125 feet deep with two drifts along the ore body at the 
50- and 125-foot levels respectively, the total length of which with 
crosscuts is over 1,200 feet. A short tunnel with a winze has recently 
been driven on the vein at a point 850 feet N. 60° E. of the shaft 
house. The vein is exposed at several other points by open cuts and 
appears to continue into the adjoining Sea Breeze claim. The sur- 
face equipment is adequate and consists essentially of a rock house at 
an elevation of 250 feet, connected by an inclined tram with a 30- 
stamp mill at the beach. The power is furnished by a pipe line from 
Gokachin Falls, 1 mile distant. The stamp miU was in operation 
from July, 1901, to July, 1902, and considerable gold was recovered, 
but since that time it has been practically idle. 

The country rock at this claim is composed of various types of 
schist, the greenstone and calc schists predominating and striking in 
general west of north with variable dips to the east. Folding is 
not uncommon and evidences of slipping are noticeable at many 
points. Dikes of blue altered porphyry crosscut the schists in a 
direction X. 60° E. with a dip 65° SE., and are in turn cut by the 
mineral-bearing quartz veins. Under the microscope the dike rock 
appears so highly altered that its original texture is obliterated to 
a large extent. Secondary quartz, muscovite, calcite, chlorite, and 
pyrite are present in abundance and indicate only by their general 
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grouping the outlines of the feldspars and colored silicates from 
which they have been derived. The original texture of the rock was 
porphyritic, with phenocrysts of quartz, plagioclase, and a colored 
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silicate embedded in a fine matrix of similar composition. The gen- 
eral term porphyry applies to rocks of this type, although this par- 
ticular rock is less siliceous than the usual porphyry, i^includfd 
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within the quartz veins at the Sealevel mine are large fragments of 
this rock which are said to carry as high values in precious metals 
as the quartz veins carry. Cubes of pyrite occur frequently in all 
parts of the dike and the schistose country rock, but the values seem 
to be confined to the walls adjacent to the vein. Two parallel veins 
15 feet apart have been followed by the underground workings, an 
easterly one 5 feet wide and a westerly one 1 to 2 feet wide. At 
the time of visit only the 50-foot level was accessible, the lower 
workings being filled with water. The two veins there exposed are 
w^ell defined and show frequent evidence of minor faulting. Numer- 
ous offshoots and stringers branch from the main vein into the dike 
rock without change in general aspect. The course of the belt of 
quartz veins and mineralization crosscuts the 25-foot porphyry dike 
and passes into the adjacent greenstone schist. The degree of min- 
eralization of the veins, however, appears much greater within the 
limits of the dike than in the adjacent schists. This belt has been 
traced by open cuts and prospect tunnels for about 2,000 feet and 
preserves its general character throughout that distance. 

The ore consists essentially of pyrite, galena, and sphalerite, with 
occasional flakes of native gold and a gangue of quartz with some 
muscovite. The larger percentage of the gold content is said to be 
free milling, while the value of the concentrates recovered is reported 
to be moderate. The mine is favorably situated for the economical 
treatment of the ore. 

Sea Breeze claim, — ^The Sea Breeze claim adjoins the Sealevel on 
the northeast and is located on the extension of its mineralized belt. 
The developments consist chiefly of two short tunnels and numerous 
open cuts which expose the vein for a long distance. The veins occur 
frequently in or near a wide porphyry dike, which invades the green- 
stone country rock under conditions similar to those at the Sealevel 
property. The quartz veins are, however, less regular and vary in 
width from 1 to 8 feet. Faulting and intense fracturing and rapid 
variation in mineralization are characteristic features of this vein. 
The ore consists of porphyry, galena, and sphalerite, with an occa- 
sional speck of native gold in the gangue of white quartz. The values 
in this vein are reported to be in general low with much variation in 
metal content within the vein, the content being apparently propor- 
tional to the amount of mineralization. 

Golden Rod claim, — Although the Golden Rod claim adjoins the 
preceding claim on the northeast, it is located on a vein of different 
character outcropping in a different country rock. Several open 
cuts along the northern slope of a steep hill of granodiorite expose 
the quartz vein, which at a point 320 feet above sea level was 16 feet 
wide, with a strike N. SO"" E. and a dip 80"* SE. The granodiorite 
country rock is aplitic in character and often gneissoid in structure. 
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Mineralization is sli^t and the values are said to be correspondingly 
low. 

Googoo claim, — The Googoo claim was located in 1905 on a western 
extension of the Golden Rod claim. At the point of discovery a 
quartz vein 22 feet wide has been developed by a shaft 20 feet deep. 
To the northeast, however, the vein is only 3 feet wide and has been 
develoj>ed by a tmmel 15 feet long. Free gold, pyrite, sphalerite, 
and some galena were noted in the vein on this claim, and pockets 
containing considerable free gold are reported to have been found. 

Majestic claim. — ^The Majestic claim, originally known as the 
Mother Lode claim, adjoins the Googoo claim on the southwest. On 
this property a quartz vein 20 feet wide occurs inclosed in the altered 
schists. The strike of the vein is N. 63^ E. and the dip 80^ SE., and 
it may represent the continuation of the Googoo vein. Pyrite, 
sphalerite, and galena were noted in the quartz gangue. The devel- 
opments consist of an open pit 10 feet deep and a tunnel 10 feet long 
near the center of the claim. 

Golden Banner claim. — The Golden Banner claim, originall}' 
located as the Golden Tree claim, is located on Gokachin River about 
a mile from the beach. The principal developments on this property 
consist of a tunnel 60 feet in length. The country rock is composed 
of several types of schist, striking in general X. 15"^ W. and dipping 
85® SW., intruded by a porphyry dike, which forms the hanging wall 
of the quartz vein at the shaft. The vein varies in width 1 foot to 6 
feet and is faulted slightly at several points. At the shaft, which is 
situated on the crest of the ridge north of Gokachin River, the vein 
is 3 feet wide, and it can be traced over 150 paces from the shaft in a 
direction X. 65° E. with a dip 70° to 80° SE. The ore is made up of 
pyrite, galena, and sphalerite, with occasional particles of free gold, 
in a quartz gangue. The values, which are probably irregularly dis- 
tributed, have not been actually determined. 

Baby George claim. — The Baby George, which has received very 
little development, is located at the mouth of Gokachin River. A 
short prospect tunnel has been driven to expose the quartz vein, which 
is 10 feet wide and occurs in argillites and greenstone schist. 

TfiZrf yf^est claim. — The Wild AVest claim, a relocation of the Tide 
Water claim, is situated on the south bank of Gokachin River near 
its mouth. The ore body consists of several quartz stringers about 1 
foot wide, striking N. 60° E. and dipping 70° SE., and inclosed in 
handed argillites and sericite schists. The developments are slight 
and consist of surface cuts only. 

EigK Horse claim. — ^The High Horse claim, a relocation of the 
Monster claim, lies east of the Wild West and has been developed by 
open cuts and a short prospect timnel. The vein varies from 6 inches 
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to 3 feet in width, strikes N. 55° E. and dips 75° 8E., and occurs in a 
complex of schists striking X. 50° W. and dipping 80° XE. The ore 
consists chiefly of pyrite with some sphalerite. Pyrite cubes are also 
abundant in the adjacent schists. 

Salve claim, — The Salve claim is situated north of Sealevel and 
runs from Russel Point northerly parallel to the shore line. The 
vein is exposed by an open cut and test pit and is essentially a band of 
mineralized sericitic schist with few small stringers of quartz. The 
schivSts in the vicinity strike in general X. 20° W., dip 70° XE., and 
show folding and some faulting. Dikes of porphyry cut the schists 
in a northeasterly direction and at one point are apparently later 
than the quartz stringers. The ore is pyrite with low values in gold. 

Qveen and Baltic claiitis, — The Queen and Baltic claims are situ- 
ated north of the Salve claim and are both located on a quartz vein 
which has been exposed by open cuts, two short prospect tunnels, and 
an inclined shaft 40 feet deep. The vein trends in general east and 
west, with a steep to vertical dip, and cuts across the cleavage of the 
inclosing schists, which strike X. 20° W. and dip 70° XE. The vein 
varies in width from 1 to 6 feet and consists of quartz with some py- 
rite, sphalerite, and low values in gold. 

Baltic Star claim, — The Baltic Star lies north of the preceding 
claims and has been developed still less. The quartz vein is included 
in mineralized schist and trends X. 60° E. with a dip 75° SE. It is 
1\ feet wide and has been traced for 300 feet in length. Pyrite, sphal- 
erite, and galena with low free-gold values constitute the ore, with 
quartz as gangue. 

Tyee claim, — The ore body of the Tyee claim near Granite Lake is 
noteworthy because it occurs wholly within a wide granite mass. The 
vein is 4 feet in width, strikes east-west, dips 78° S., and contains 
besides quartz small quantities of pyrite, sphalerite, and galena, with 
low values in gold. 

Massachusetts claims Nos, 1 and 2, — The two adjoining Massachu- 
setts claims, originally known as the Keystone claims, are situated 
northeast of Sealevel. The trail leading to the claims passes over a 
wide area of postglacial basaltic lava, elevated plateau-like above the 
surrounding country and remarkably level on top. At the claims a 
tunnel 80 feet in length and 500 feet in elevation has been driven : 
also a shaft has been sunk 30 feet on the vein, and a drift from the 
shaft 50 feet in length and several open cuts have been made. The 
country rock consists largely of schists with some interbedded green- 
stones striking north and south and dipping northeast at steep 
angles. On the dump from the shaft were fragments of granite prob- 
ably derived from an intrusive dike exposed by the shaft, which at 
the time of visit was filled with water. At the surface the vein is 5 
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feet in width, but in depth it decreases to 6 inches and divides into 
small stringer veins. The ore consists of pyrite, galena, and sphaler- 
ite in a gangue of white quartz. The values in gold are said to be 
favorable near the surface. 

Lake claims Nos. 7, ^, and 3. — These claims have recently been 
located on Fish Creek near the junction with Silver Creek and the 
Falls. They have not yet been developed to any extent and nothing 
definite is known as to their value. The country rock consists of 
micaceous and greenstone schists, invaded by a granite mass. The 

included quartz veins 
are similar in character 
and contain pyrite, ga- 
lena, and sphalerite in 
small quantities. One 
quartz vein on. Lake No. 
2 and Lake No. 3 meas- 
ures 60 feet in width at 
one point and runs N. 
15 "^ W., with vertical dip 
across the cleavage of 
the schists. 




GEORGE INLET. 

(renvral description, — 
George Inlet is one of 
the deep embay men ts on 
the southwest side of 
Kevillagigedo Island 
having a length of 
nearly 18 miles and 
varying from three- 
fourths of a mile to 2 
miles in width (see PI. 
II and fig. 13). Start- 
ing at its entrance and following inland, the greenstones and argil- 
laceous slates are first exposed for 2 miles along the north shore; a 
granite belt 2.} miles wide is then crosscut and is followed by more 
tigillaceous slates with occasional gi'eenstone beds. Toward the 
head of the inlet the crystalline schists interst ratified by belts of 
marble compose the shore exposures. The general strike varies from 
X. 10° to 50^ W. and the dip usually steep to the southwest. The 
ore bodies so far discovered are all located on the northwest shoiv 
of the inlet from 5 to 10 miles from its entrance. These consist of 
both large and small vein deposits striking parallel and at angles to 



^'ic. 13. — Sketch map showing location of prospects 
adjacent to George Inlet and Tongass Narrows. 
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the bedding plane of the schists. The principal values contained 
are in gold, which in some of the deposits is associated with galena 
sphalerite and pyrite in considerable amounts. 

Peterson group, — ^This property of four claims is situated close to 
tide water on the northwest shore of George Inlet about 5 miles from 
the entrance and has been prospected by open cuts and two short 
tunnels. The principal vein deposit occurs along vertical slipping 
planes which parallel the rock structure in strike but intersect the 
beds in dip. The schist formation at this point strikes N. 35° W. and 
dips 50° SW. The vein varies greatly in width, averaging 15 feet, 
and is reported to have been traced for 1,000 feet along its trend, its 
walls being defined by gouge seams. The metallic minerals con- 
tained are pyrite, galena, zinc blende, pyrrhotite, in a gangue of 
quartz, calcite, and graphite. Well-defined gouge planes limit the 
deposit in many places. The values reported include both gold and 
silver. Other vein deposits have been exposed on this property, but 
still remain undeveloped. 

Lon-de-Van group, — This property of eleven claims, originally 
called the Telegraph group, is located on the north side of George 
Inlet, 5 miles above the Peterson group. On this property six well- 
defined and persistent veins have been exploited by open cuts and tun- 
nels at different points along their strike. The country rock consists 
largely of banded argillites and black slates with occasional acidic 
porphyry intrusives. Two sets of veins occur, an old transverse set 
filling cross- fracture cracks in the sedimentary complex, and in one 
instance attaining a remarkable thickness; and a second system filling 
planes of movement along the beds of the formation and striking 
usually X. 10° W. with variable dip, in general about 50° SW. Six 
veins of the second type have been discovered, one of which has been 
traced for several thousand feet in length. The veins vary from 1 
to 4 feet in width and many of them are adjacent to intrusive por- 
phyry dikes. The metallic minerals contained are pyrite, galena, 
and sphalerite, in a quartz and calcite gangue. Moderate values in 
gold and silver, the latter in some instances exceeding the gold con- 
tent, are reported. Only a small percentage of the gold is free-mill- 
ing, and it will be necessary to concentrate the ore to recover its values. 
The cross veins, one of which has a thickness of several hundred 
feet, carry lower values than the strike veins and but a small amount 
of pyrite, and are therefore still undeveloped. Openings have been 
made on these deposits at different points extending from tide water 
to a point a mile from the shore, at an elevation of 1,000 feet. 

A8he''8 graup, — ^This group is located about 3 miles above the Lon- 
de-Van group near tide water at a small embayment on the north side 
of George Inlet. The vein deposit at this point follows a porphyry 
dike which in turn is parallel to the inclosing slates and schists, and 
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has been exploited by a short tunnel and several open cuts. The 
vein is about 2 feet wide, striking N. 75° W. and dipping 10° to 
20° XE., though both strike and dip vary considerably at the different 
exposures. It contains abundant galena and sphalerite in a quartz- 
calcite gangue carrying small gold and silver values. The porphyry 
dike is also impregnated to a small extent with these minerals. The 
developments on this deposit include a 35-foot tunnel, a short shaft, 
and several open cuts. 

TOKGASS NABBOWS. 

General descHption. — Along the shores of the narrow body of 
water called Tongass Narrows, which separates Re^dllagigedo and 
Gravina islands, greenstone schists arid black slates outcrop and trend 
in general parallel to the shore line (see PL II). On the Revil- 
lagigedo Island side of the narrows a number of claims have been 
located, but no ore bodies of importance have yet been developed. 
The ore bodies include both quartz veins and bedded deposits and fre- 
quently occur near intrusive porphyry and aplitic dikes. The moun- 
tains east of Tongass Narrows trend parallel to the coast and range 
from 2,000 to 3,000 feet in elevation. They are composed largely of 
granite, which intrudes the greenstones and slates. Several of the 
quartz veins near the contact of the intrusive masses with the sedi- 
mentaries are sporadically very rich in free gold, but the average con- 
tent is low. 

Hoadley group, — ^I'he Hoadley gi'oup includes five claims and is 
located about 2 miles north of Ketchikan and one-half mile from the 
beach (fig. 13). The developments consist chiefly of open cuts and- 
short drift tunnels, besides an arrastre in which the free-milling ore is 
treated. The country rock consists of siliceous and argillaceous 
schists striking northwest and intruded by large granitoid dikes, 
usually parallel to the formation and ranging in composition from 
syenites to gabbros. The veins occur within these intrusives, vary 
from 4 to 24 inches in thickness, and are usually but a few hundred 
feet in length. There are two sets of veins, an older set containing 
chiefly pyrite and pyrrhotite and striking north and south with dip 
45° W. ; a second and later set striking N. 20° to 35° W. and dipping 
usually 50° SW., characterized by arsenopyrite, abundant free gold, 
and occasional particles of tetradyinite, which have been incorrectly 
considered as telluride of gold by the prospectors in this region. 
These veins are narrow and gold is seldom found in sufficient quantity 
to encourage extended mining operations. 

Wild Cat group. — The Wild Cat claims are located southeast of 
the Hoadley group and on veins of similar character occurring in a 
syenite intrusive in the schist formations. The schists strike N. 50° 
W, and dip 20° SW., while the dike trends N. 35° W. and dips 20° 
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SW. Two sets of veins occur, and, as at the Hoadley group, the pyr- 
rhotite-bearing veins are the older. The developments consist chiefly 
of open cuts, short tunnels, and shafts. A sample test of 5 tons of ore 
from one of these veins is reported to have given high values. 

Birdseye claim, — The Birdseye claim is located on the shore of 
Revillagigedo Island 4 miles south of Ketchikan. Although this 
vein was one of the first to be discovered in the Ketchikan district, 
little development has been accomplished. Surface stripping and a 
shaft 32 feet deep constitute the entire improvements. The vein 
which outcrops on the beach is 3 to 5 feet wide and occurs in a por- 
phyry dike intrusive along the bedding planes in the slate-schist 
formation, striking N. 30° to 50° W. and dipping 45° NE. This dike, 
which varies from 10 to 20 feet in width, includes many fragments of 
black slate, and adjacent to the vein is impregnated with sulphide 
minerals. The minerals contained in the vein are pyrite, galena, 
zinc blende, and free gold. In the schist and black-slate country 
rock, quartz veins^were also observed, though these are older than the 
porphyry dike and do not carry values. 

Laskawonda group, — The Laskawonda property of three claims is 
located near Ketchikan and is reached by a well-constructed board 
walk which was to have served as a tramway. The developments con- 
sist of a shaft located half a mile from the town at an elevation of 
175 feet and reported to be 85 feet deep, a short tunnel, and surface 
strippings. The ore body is a slightly mineralized band of the green- 
stone schist formation, striking N. 50° AV. and dipping 50° NE., 
which is cut by a few small quartz veinlets. The metallic minerals 
contained are pyrite with some chalcopyrite, occurring in the quartz 
veinlets and in the greenstone schist. For the last few years work 
has been suspended on this property. 

CLEYELAND PENINSULA. 

General desctiption, — Cleveland Peninsula lies between Behm 
Canal and Ernest Sound and its elongation coincides with the gen- 
eral trend of its constituent mountains. The general geology is 
comparatively simple; the northeastern part of the peninsula con- 
sists of the Coast Range granite, which is flanked on the southwest 
by the schist belt, which in turn farther south grades into the black 
slates or argillites. Near the southern end of the peninsula wide 
belts of greenstone and greenstone schists and occasional limestone 
beds are intercalated in the slates (see PI. II). 

Masses of intrusive diorite occur within the greenstone-argillite 
area, and in at least one place have been found to contain ore-bear- 
ing quartz veins. Between Helm Bay and Vixen Inlet is a conspicu- 
ous red-brown mountain made up of an immense intrusive mass of 
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peridotite with serpentine and ferric oxide as weathering products. 
The strata trend in general northwesterly, with local variations due 
to folding, and dip northeast at different angles. Near the granite 
contact, at Spacious Bay and Vixen Inlet, the beds are much folded 
and are in general flat lying, but to the south the strike becomes 
more uniform and the dip steeper and in places the dip is to the 
southwest. Quartz veins are widely distributed throughout the 
entire formation and have been prospected at only a few points. 
Prospectors in the region have learned by experience that the veins 
of value are confined essentially to a wide greenstone schist belt over 
1 mile in width and extending from the west side of Helm Bay 
across the peninsula to Union Bay. The values are variable and, 
although occasionally high for a short distance, are low in average 
and must be mined economically in order to be profitable. 

Gold Standard graup. — The Gold Standard group, belonging to 
the Alaska Gold Standard Mining Company, embraces 17 claims 
located on the west side of Helm Bay about 2\ miles from the head of 
the bay and one-half mile from tide water (fig. 14). Discoveries at 
this point were first made in 1897, and in 1898 the ore from a rich ore 
shoot near the surface was treated in an arrastre and reported to 
have yielded about $20,000 in value. In 1899 a 5-stamp water-power 
mill was installed, several buildings erected, and a tramway built 
from the mine to the mill and from the mill to the beach one-half 
mile distant. During 1900 the mill was operated and considerable 
mining developments accomplished, but at the close of the year work 
was suspended. In the following years operations on a small scale 
were advanced, but not until 190G did active work begin again, when 
a small shipment of high-grade ore is reported to have been made and 
a considerable output of bullion was made from the stamp mill. The 
mine is developed by a shaft starting at a point 225 feet above tide 
water and 150 feet in depth following the vein, and from this two 
drifts have been extended developing the ore in depth. Besides 
these workings short tunnels and several small shafts have been 
started at other points on this property. 

The country rock at this locality is greenstone schist interstratified 
by argillaceous beds, the general strike being X. 25° AV. and the dip 
60° NE. Two systems of quartz veins occur in these schists, the older 
set, which are the larger veins, striking parallel with the schistosity, 
and the second or younger system following the general trend of the 
former but dipping 60° to 70° SW. and intersecting them in depth. 
The latter veins are small and often mere gash veins carrying little 
or no value except at those points where they intersect the veins of 
the larger system. The principal vein deposit, which is being de- 
velop)ed at the shaft, is of the older system, varies from 6 inches to 6 
feet in width and is exposed for over 1,000 feet along its strike. 
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The walls of the vein are well defined by sliekensides with gouge on 
the foot- wall side and a seam filled with ealcite carrying free gold 
along the hanging wall. Fault planes transverse to the veins were 
locally observed displacing the veins from 1 to 3 feet in a horizontal 
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Fiu. 14. — Sketch map showing positions of prospects and mining claims at Helm Bay, 

Cleveland Peninsula. 

direction. The ore contained is essentially auriferous quartz with 
pyrite, and in the gash veins small crystals of tetradyinite were 
noted. The largest percentage of the gold is free milling and can be 
extracted in the stamp mill by amalgamation. The^ncentrates, 
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which aggregate about 3 per cent of the ore, are saved for smelter 
shipment and are reported to carry high vahies. 

Puzzler claim. — The Puzzler claim is situated on the south side of 
a lake 2 miles east of the Alaska Gold Standard and at an elevation 
of 400 feet (fig. 14). A tunnel 180 feet long has been driven through 
the greenstone-schist country rock, and at 60 feet from its entrance 
undercuts a lode deposit inclosed in a graphitic schist. Quartz veins 
also occur at this place, but are not so strongly developed. The same 
deposit is exp>osed by an open cut at 440 feet elevation, the lode being 
parallel to the schistosity of the country rock which strikes N. 50^ E. 
and dips 60° SE. In this deposit two systems of quartz veins occur, 
which correspond in a general way to those at the Alaska Gold Stand- 
ard deposit, though they are not so strongly developed, and the ore 
shoots are smaller. Slipping planes and fault seams are of common 
occurrence in this vicinity. 

Midnight Sun claim, — The Midnight Sun claim lies half a mile 
west of the Gold Standard mine at an elevation of 560 feet (fig. 14). 
The vein deposit, which has been exposed by a 15-foot open cut, varies 
from 6 inches to 2 feet in width, striking N. 80° W. with a dip 30° 
XE. Slipping planes defined by slickensides are of common occur- 
rence across the vein and indicate considerable movement and dis- 
placement of both the inclosing greenstone-schists and the vein sub- 
sequent to its deposition. Included in the vein are fragments of the 
schist, the mineral content being pyrite with free-gold particles. 

Alexander^ Hoffman^ and Melville claims, — ^The Alexander, Hoff- 
man, *and Melville claims are situated near the top of the mountain 
2^ miles from the head of Smugglers Cove and \\ miles southeast of 
the Gold Standard mine (fig. 14). The prospects on these properties 
were located in 1902 and 1903. The greenstone and slate beds on this 
mountain are considerably folded and the direction of their strike and 
dip varies greatly. The vein deposits follow slipping planes trans- 
verse to the schistosity of the country rock and are parallel to it. On 
the Alexander claim a tunnel 45 feet long exposes a vein 6 inches to 
3 feet in width striking north and south with dip 45° W., the foot- 
wall side being defined by a gouge seam 1 inch thick. The Hoffman 
claim includes an irregular vein deposit averaging 5 feet in width, 
striking N. 5° W. with a steep dip to the southwest. The inclosing 
greenstone-schist strikes N. 60° W. with a dip 70° NE., and in it 
are numerous faults showing small displacements. A tunnel 21 feet 
long has been driven along the vein, and pyrite was observed in it, 
both in the vein and in the inclosing schist. Fine gold is said to 
occur, though the average value of the deposit is low. The vein de- 
posit on the Melville claim strikes X. 40° W., transverse to the trend 
of the inclosing slate and greenstone, which at this point is N. 15° E. 
It is peculiar because of the occurrence of arsenopyrite both in the 
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vein and in the adjacent slates, though where it crosscuts the green- 
stone this mineral is practically absent. The developments consist 
of a short tunnel and surface strippings from which a small amount 
of ore was mined and treated in an arrastre on the property. 

Gold Mountain group, — From Smugglers Cove the greenstone- 
schist belt can be traced along the mountain ridge parallel with the 
east shore of Helm Bay over Gold Mountain. To the east and west of 
it black slates predominate. Gold Mountain has a maximum elevation 
of 2,120 feet, and on it a number of prospects have been located, the 
principal ones being the Annie, Mountain Top, and Starry Banner. 
On the Annie claim a 20-foot shaft was sunk in 1900 on a quartz ore 
pocket at a point 1,025 feet from tide water, and from this about $5,000 
is reported to have been derived. At another point a tunnel 450 feet 
in length has been driven on a lode deposit striking N. 30° E. paral- 
lel with rock structure and from lOJ to 20 feet wide, in which vein- 
lets from a few inches to a foot in width occur. From the tunnel a 
shaft 50 feet deep has been sunk and the deposit explored by a drift 
at this level. Pyrite and chalcopyrite were both observed, but as a 
whole the lode will average low in' values. 

On the Mountain Top claim an 8-inch vein striking N. 55*^ W. with 
a dip 25° NE. crosscuts the greenstone schist formation, which has a 
northeast trend and a vertical dip. The vein has been exposed by 
shallow shafts and open cuts, but is too small to be of great value. 

On the Starry Banner claim a tunnel 225 feet long at an elevation 
of 1,950 feet has been driven in a N. 30° E. direction along an 8-inch 
quartz vein, which is parallel'to the schistosity of the greenstcfne in 
trend but intersects it in dip. Along the sides of this vein calcite and 
epidote veinlets were observed in the country rock and in the vein near 
the surface the sulphide minerals were considerably oxidized. 

Rainy Day claim, — The Rainy Day prospect is located less than 
half a mile from tide w^ter opposite a small island on the west side 
of Helm Bay near its entrance. The mineral deposit at this locality 
is of interest because it occurs in a granite-porphyry dike which is 
from 600 to 1,000 feet wide and strikes N. 40° \V. The vein de- 
posit, which is 3J feet wide, strikes northeast and has been exposed 
in a 105-foot tunnel at an elevation of 200 feet from tide water. 
Above the tunnel at 280 feet elevation is an open cut in which the 
vein is exposed, and at this point are prominent slipping planes strik- 
ing transverse to the vein. The ore minerals are sphalerite, pyrite, 
and galena in small amounts, the principal values being in gold, which 
occurs native in fine particles. 

Blue Bucket claim, — The Blue Bucket claim is situated near the 
northeast head of Smugglers Cove near the beach and has been de- 
veloped by a short prospecting tunnel. The quartz vein runs irregu- 
larly through banded chloritic and sericite schists which strike N, 38^ 
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W. and dip 65° NE. Pyrite cubes only were observed in the quartz. 
The values appeared to be low. 

Keystone claim, — The Keystone claim is reached by a trail 2 miles 
in length which begins near the falls at the head of Smugglers Cove 
and follows in a northeasterly direction along the eastern valley slopes 
of Falls Creek. The mine workings are situated at an elevation of 
about 675 feet and consist of a long crosscut tunnel with drifts, the 
total length of which is nearly 700 feet. A shaft 65 feet deep has been 
sunk on the vein. The property has been idle during the last few 
years ajid was recently relocated under a new name. The country 
rock is a green, folded, faulted, chloritic schist striking in a general 
northwesterly direction with steep vertical dips. The ore body con- 
sists of a stockwork of stringer veins occurring in a mineralized belt 
of schist many feet in width, intensely sheared, and filled with slip- 
ping planes. The entire belt is heavily mineralized with pyrite and 
carries low values in gold and silver. The quartz veins vary in width 
and usually have free walls often with a coating of mineralized gouge. 
Calcite frequently accompaniies the quartz gangue. 

Mary T. and United States claims. — The Mary T. claim and the ad- 
joining United States claim are located near the head of Smugglers 
Cove and both are practically in an undeveloped state. On the Mary 
T. claim an open pit exposes the ore body, which is essentially a belt 
of mineralized and indurated sericite schist. The ore consists of pyr- 
ite in well-formed cubes with some chalcopyrite and its weathering 
products, malachite and azurite. The values are reported to be low. 
On the United States claim a quartz vein occurs in chlorite schist in 
irregular lenses often parallel to the cleavage and contains occasional 
cubes of pyrite. It has been exposed chiefly by surface cuts and short 
prospect tunnels. The values reported are likewise low. 
.^ast Chance claim, — The Last Chance claim, which has recently 
been relocated, is situated about 1 mile from Smugglers Cove, and 
like the preceding claims has not been developed to any extent. The 
country rock is chloritic schist striking about north and south; the ore 
bodj^, a quartz vein of irregular width, is contained in a belt of 
mineralized schist, along which intense movement and shearing has 
taken place. In the short drift the values in gold are reported to vary 
and to give a low general average. 

Old Glory group. — The Old Glory group of two claims including 
the Old Glory and American Eagle is situated on the west side of 
Gold Mountain at an elevation of about 900 feet and IJ miles from 
Smugglers Cove. On the property the ore body has been traced by 
numerous open cuts and three short tunnels. The ore is treated in 
a 2-stamp mill, operated by a Pelton wheel. Only the gold which is 
retained by amalgamation is recovered, the auriferous concentrates 
being wasted because of lack of proper facilities. The bed rock con- 
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sists largely of folded greenstone schists and argillites striking X. 
lO"* to 80** W. The veins are in general parallel to the rock struc- 
ture, varying from a few inches to a foot in width, and in places the 
country rock is also impregnated with sulphide minerals, thus form- 
ing a lode deposit. Practically no work has been done on these claims 
during the last few years. 

TWELTEHILE ARM. 

GENERAL DESCRIPTION. 

The narrow lx)dy of water called Twelvemile Arm extends south- 
westerly from the head of Kasaan Bay and terminates in a low-lying 
river valley, over which a long portage is reported to lead to Big 
Harbor on the wast side of Prince of Wales Island. The mineral 
deposits discovered in this area have been chiefly gold-bearing veins, 
copper being of only subordinate interest. The most important mines 
are the Craekerjack and the Puyallup. situated a short distance from 
Hollis (fig. 15). In general, mining activity in recent years has 
been slight and little more than annual assessment work has been 
accomplished on most of the prospects since the visit^of Mr. Brooks 
in 1901. In the immediate vicinity of Twelvemile Arm and along 
its shores the country rock consists chiefly of altered argillaceous 
sedimentary rocks, often schistose, and intruded by extensive granite 
masses and later porphyry dikes. Belts of greenstone, both massive 
and schistose, are frequently interstratified with the slates and lime- 
stones, but have not yet been found to be mineralized to any extent 
in this particular area. Directly west of Hollis is a belt of black 
graphite slates trending about X. 30° AY., which contains the princi- 
pal vein deposits and which has been traced northwest beyond the 
Craekerjack mine for several miles to where it is cut off by the granite 
massif of Granite Mountain. Along this contact, which is well ex- 
posed, about 1 mile south of the Granite Mountain claims, evidence of 
a fault of considerable magnitude can l)e seen. The granite at the 
contact sends no apophyses into the invaded slates, indications of con- 
tact metamorphism are wanting, and the slate belt near the contact is 
intensely shattered and beai*s all signs of extended movement. The 
slate belt near the Craekerjack mine has been folded into a large anti- 
cline, on the southwest flank of which the Craekerjack veins are lo- 
cated, while at the Puyallup mine the beds dip 35*^ to 45° XE. These 
slates grade to the east into coarser graywackes and altered con- 
glomerates. Farther south on Twelvemile Arm limestones and cal- 
careous schists are more abundant and trend approximately parallel 
to the shore with an easterly dip. 

The ore deposits in this area are confined chiefly to the black slates 
seen at the Craekerjack claims and to the Granite Moimtain massif. 
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The veins are well defined and persistent, usually following intrusive 
dikes or fracture planes and jointing planes in the country rock. 
The values are chiefly in gold, with some lead and silver and a little 
copper. Some of the veins carry locally free gold, but as a general 
rule the average content is not high. 




Pio. 15. — Sketch map Hhowlng location of claims near Twelvemile Arm, Prince of Wales 

Island. 



PROSPECTS IN THE VICINITY OF HOLLIS. 



PuyaUup mine, — The Puyalhip mine is situated about IJ miles 
from tide water and is connected with Hollis by a tramway, at the 
end of which is a 5-stamp mill. The group embraces three claims, 
on which the veins have been traced and developed by several tunnels 
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and shafts. The country rock is slate with altered porphyries and 
clastic breccias, the general trend being N. 25° W. and the dip 50° to 
60° NE. The quartz veins follow planes of weakness and movement 
along the strike and have been exploited by several tunnels, the long- 
est measuring 1,135 feet. In the long tunnel two veins are exposed, 
following the walls of a porphyry dike in the altered slate, the vein 
along the hanging wall of the dike being richer than the foot-wall 
vein. Near the face of this tunnel faulting has disturbed the even 
trend of the vein and added considerably to the difficulties of mining. 
This pay vein, which averages about 6 inches in width, is exposed in 
a lower 1,200-foot tunnel for a length of 220 feet and has been traced 
by outcrops on the surface for about one- fourth of a mile. An upper 
tunnel, 150 feet above and 900 feet southwest of the main tunnel, has 
been driven 90 feet on another vein. In this tunnel the vein is con- 
sidered identical with the pay vein of the long tunnel. The ore is 
free-milling, 85 per cent of the total value being free gold. The mine 
has been worked in only a desultory way in recent years, and the pro- 
duction has been small. 

Cracker jack mine, — The Cracker jack group of claims is located 
south and southwest of the Puyallup, with which it is connected by 
an excellent trail (see PL I and fig. 15). Surface improvements con- 
sist chiefly of quarters for miners and an ore chute for transporting 
ore to the Puyallup stamp mill. The Crackerjack vein is an unusu- 
ally persistent vein and has been followed by surface croppings and 
test pits along a number of claims. On the Crackerjack claims 
proper it occurs along the hanging and foot walls of a 16-foot por- 
phyry dike intrusive adong the bedding planes of black slate, striking 
in general X. 25° W. and dipping 35° SW. The slate is finely lami- 
nated and more or less graphitic. The vein varies in width from a 
mere seam to 5 feet. Its metallic minerals are pyrite, galena, zinc- 
blende, and a black, soft sulphantimony or bismuth mineral, the ex- 
act nature of which was not determined; the gangue is essentially 
quartz with some calcite. The dike itself is characterized chiefly by 
widespread epidotization and pyrite impregnation. The Xo. 1 tun- 
nel at 800 feet elevation crosscuts the formation for about 215 feet, 
at which point the vein is encountered and followed in a southerly 
direction for about 675 feet. In the crosscut several minor veins were 
encountered, but were not followed. The gold values in these veins 
occur in shoots, two of which have been stoped out for 35 and 40 feet 
above the tunnel level. Occasionally streaks are encoimtered which 
give high assay values in silver. The amount of gouge on both sides 
of the dike is indicative of considerable movement along the fissure 
planes. Minor transverse slipping planes were also noted, but appar- 
ently do not affect the veins materially. In Tunnel No. 2, whidi is 



Digitized by 



Google 



GOLD MINES. 161 

400 feet in length, at 1,050 feet elevation, both the dike and the vein 
were observed to crosscut the formation at one point for about 80 
feet and then to resume their normal parallel trend. 

HoUis group. — Still farther up the mountain at 1,500 feet eleva- 
tion a vein similar to the Crackerjack vein has been discovered and 
explored by a tunnel 400 feet long. The conditions here are analo- 
gous to those in the Crackerjack tunnels, including the slate belt, 
trending and dipping in the same general directions, but the por- 
phyry dike is somewhat wider. The quartz vein was observed to 
branch out into the porphyry so that for some distance two parallel 
veins have been followed by the drifts. The walls are well defined 
and the ore shoots well marked. The black slate belt has been traced 
still farther south and west over the summit of Hollis Mountain and 
down into the Harris Eiver valley, where claims have been located on 
mineralized veins similar in character to the Crackerjack vein. The 
persistence of these veins is a strong argument for their continuation 
in depth. The ore production from the entire system of veins has 
been slight, the work having been devoted chiefly to developing and 
testing the ore bodies. 

Harris River claims. — ^As stated in the preceding paragraph, the 
mineral belt on which the claims on the mountain slope north of 
Harris River are situated is the continuation of the Crackerjack 
black slate formation. A number of claims, including the Julia, the 
Humboldt, the George Nos. 1 and 2, and the Keokuk Nos. 1 and 2, 
have been located in this area and developed to some extent. The 
general aspect of the mineral deposit on these claims is similar to the 
Crackerjack deposit. On each claim the developments consist of 
smrface strippings, test pits, and short tunnels. Pyrite, galena, and 
zinc blende, with occasional free-gold particles, constitute the metallic 
minerals and quartz and calcite the gangue minerals. Porphyry 
dikes occur with many of the veins. 

Recently considerable work has been done on the Julia claim, the 
ore shoot of which outcrops in the bed of Harris River. An inclined 
shaft 200 feet deep has been sunk to undercut this ore shoot, and at 
the 50-, 100-, and 150-foot levels, drifts have been extended, 35 feet 
long on the 50- foot level and 80 feet long on the 100- foot level. The 
ore dioot is reported to be about 60 feet long and from 2 to 5 feet 
wide and to carry high values in gold, 50 per cent of which is free 
milling. 

Cascade group. — ^The Cascade group is located about 2 miles south 
of the Puyallup mine and at an elevation of 1,300 feet. The develop- 
ments consist chiefly of two drift tunnels, and in the upper one a 
quartz vein is well exposed. The vein averages 2 feet in width and 
fills an old fracture crack in an altered basic intrusive. The lower 
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tunnel, which was driven to undercut tiie vein, is 300 feet in length 
and crosscuts intrusive rocks and dikes of several different types, but 
does not expose the vein. The original sedimentary rocks in this 
area have been profoundly altered by the intrusives, and epidotization 
is widespread. The vein strikes N 53*" W., dips 70*^ SW., and has 
been followed for about 175 feet in the upper tunnel. Its metallic 
minerals are pyrite, zinc blende, galena, and gold, with quartz and 
calcit^ gangue. The values in this vein are very unevenly distributed 
and the average content is probably not high, although fragments 
of exceedingly rich ore have been found. Above the Cascade group 
the Mountain Bell group of three claims has been located on a narrow 
quartz vein reported to carry good values in free gold. 

Dolly Varden claims, — The Dolly Varden group of claims is lo- 
cated in the limestone formation about 1^ miles southeast of the head 
of Twelvemile Arm, and at an elevation of 1,100 feet. The marble 
occurs as a member of the greenstone slate formation exposed along 
the shores of Twelvemile Arm. The veins are essentially later im- 
pregnations along the bedding of the marble strata and strike N. 15° 
E. with steep to vertical southeast dip. Gray copper is the essential 
metallic mineral, and is in many places altered to azurite and mala- 
chite. Very little development work has been accomplished on this 
group. Several other claims on similar veins and country rock have 
been located in this area, but were not visited by the writers. 

Stella claim. — ^The Stella claim is situated about one-half mile north 
of Clark Bay, a small indentation 2^ miles northeast of Hollis. The 
quartz vein occurs along the contact of a diorite-porphyrite dike in 
black slate and has been explored by a tunnel 540 feet in elevation 
and 130 feet long. It averages 3 feet in width, strikes N. 40° W. 
and dips 80° NE., and is separated from the black slate foot wall by 
a band of gouge 1 inch thick. The metallic minerals are pyrite, ga- 
lena, and zinc blende, with quartz and calcite gangue, and occasional 
included fragments of black slate. The values in precious metals 
are low. 

Flora and Nellie claims, — ^The Flora and Nellie claims are situated 
about 8 J miles by trail northwest of Hollis. The ore body which is 
being exploited at this point is a quartz vein, averaging with gouge 
about 4 feet in width and filling an old shearing plane in diorite- 
porphyrite. Two tunnels have been driven on the vein, a low^r one 
at 1,460 feet elevation and 390 feet in length, and an upper tunnel 90 
feet in length; a shaft and winze have also been sunk on the vein. 
The quartz vein .strikes X. 70° E., dips 60° SE., and is heavily min- 
eralized with pyrite, chalcopyrite, galena, and zinc blende. The 
lines of movement in the diorite-porphyrite pitch at very low angles, 
indicating nearly horizontal fault movements. The values from this 
vein are reported high in gold and silver with some lead and copper. 
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At pr^ent transpcwptation facilities are a serious problem in the sys- 
tematic development of the claims in this area. 

The southern extension of this group is called the Red Jacket claiin, 
and on its surface- stripping only has been done, and that chiefly in 
glacial drift covering the bed rock. To the northeast the Commander 
group of two claims has been located on the continuation of the 
Flora and Nellie vein and outcrops along a steep gulch up the moun- 
tain side. On this group two drift tunnels have been driven, the 
lower one at 1,680 feet elevation and the upper one at 1,825 feet ele- 
vation. In these the vein averages about 18 inches in width, with a 
wide band of soft gouge on the hanging- wall side, and strikes N. 75° 
E., with dip 65° SE. Near the vein the porphyry is altered consider- 
ably and often heavily charged with pyrite. The a^y returns indi- 
cate high gold content with some silver. The metallic mineral^ are 
pyrite, chalcopyrite, galena, and zinc blende in quartz gangue. 

Rose and Dew Drop claims. — The Rose and Dew Drop claims are 
located above the Commander group and extend over the ridge for 
some distance down its north slope. These claims are 2,300 feet above 
sea level and are located on a vein deposit along a slipping plane in a 
basic intrusive rock. The vein varies in width from 6 to 14 inches, 
strikes N. 60° W., dips 85° SAV., and has been developed by two short 
drifts. The values are reported to average well in gold and silver. 

Constitution group, — On the opposite side of Salmon Lake valley 
and about 3 to 4 miles north of the Dew Drop claim is located the 
Constitution group, which is reached most readily by trail from 
Karta Bay, via Karta and Salmon lakes and up the Salmon Lake 
valley, a distance of 11 to 12 miles. Here are two tunnels, the lower 
being at 2,000 feet elevation and 130 feet in length. In this the quartz 
vein varies from 6 inches to 4 feet in width and trends N. 65° W. to 
X. 45° W. wnth a vertical to 60° SW. dip. It occurs filling a shearing 
plane in gabbro and amphibolite and is lined frequently on both 
sides with soft gouge. Vein minerals are pyrite, chalcopyrite, galena^ 
and zinc blende, the surface oxidation of the .sulphides being unusu- 
ally pronounced. In the face of the tunnel a transverse slipping 
plane appears to have cut off the vein. "With present conditions of 
transportation further development of this group does not seem 
feasible. 

Independent group, — The Independent group of two claims is 
located several miles west of the Constitution group and at the head 
of the glacial valley of Salmon Lake. The developments are con- 
fined to short tunnels and surface strippings. On the lower claim 
at 1,300 feet elevation the vein is 1 foot wide, strikes N. 75° W., dips 
75° SW., has free walls and occurs along a shearing plane in altered 
porphyry (andesite), which is included in a generally much-altered 
sedimentary complex. The metallic minerals are galena, pyritCj and 
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zinc blende in a quartz and calcite gangue. The vein is reported 
to give very high assay values in free gold. At the tunnel on the 
upper claim, at 2,100 feet elevation, the vein is 1 to 2 feet wide, in- 
cluding gouge, and strikes X. 78° W., dips 75° SW., and is exposed 
chiefly along a steep gulch leading down the precipitous mountain 
slope. The country rock consists of altered slate and graywacke, 
crosscut by dikes of porphyry. At present these claims are too 
inaccessible to be of great value. 

PROSPECTS ON GRANITE MOUNTAIN. 

General descriftion, — The claims on Granite Mountain can be 
reached most easily by trail from Karta Bay via Karta Lake ; a longer 
and less satisfactory trail leads in a northerly direction from Hollis 
(fig. 15). Granite Mountain is made up almost entirely of massive 
granite which is remarkably homogeneous and free from dikes, par- 
ticularly of the siliceous aplitic varieties. The veins are without 
exception quartz veins filling well-marked fracture planes in the 
granite; these planes are sharply marked and remarkably uniform in 
direction and thickness. The veins are likewise strikingly similar 
in appearance and mineral content, the quartz being usually stained 
to a brown-red color. They are characterized by free walls and un- 
doubtedly persist in depth. Frequently the fissures or jointing planes 
in the granite are filled with diabase dikes which have subsequently 
been fractured, and in these spaces the mineral-bearing solutions 
have deposited auriferous veins. 

Treasure group, — The Treasure group of twelve or more claims 
is located on the east side of Granite Mountain about 1^ miles from 
Karta Lake. The developments consist of two tunnels, the upper, 
at 1,380 feet elevation, following the vein for 450 feet. The vein 
varies from 1 to 2 feet in width and follows the hanging wall of an 
altered diabase dike rock in the granite. Its general strike is X. 55° 
W. and its dip from OO'' to 80° XE. This vein has been traced up the 
mountain slope along a steep gulch and over the summit for a mile, 
five claims being located on this vein alone. At the upper tunnel con- 
siderable ore has been extracted and placed ready for transportation. 
The metallic minerals are free gold, pyrite, galena, and chalcopyrite. 
The pyrite crystals are frequently coated with a deep-brown lustrous 
oxidation crust and the chalcopyrite occasionally shows green stain- 
ing. Movement along the vein is indicated by the soft mineralized 
gouge, which is frequently found along the vein walls. The country 
rock, for which the general term " granite '' is used, is a granitoid 
rock varying in composition from diorite to gabbro and is often 
strongly epidotized. 

The second set of five claims is located on a deposit in a fracture 
plane, striking X. 20 E. and dipping 20° XW. This vein crosses 
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the first vein about 500 feet above the upper tunnel and likewise 
is contained in the granite country rock. The width varies from 1 to 
3 feet and the values are lower than those contained in the northwest 
striking veins. 

Clipper and Cutter groups, — The Cutter group of two claims and 
the Clipper group of three claims are located on the east side of 
Granite Mountain, south of and above the Treasure group. The 
improvements on these claims consist chiefly of surface strippings 
and short test tunnels. The veins are similar in appearance to the 
Treasure veins and strike in general X. 55° W., with a dip of GO*' 
NE. They occur in granite or within diabase dikes which intrude 
the granite. At 2,900 feet elevation the vein on the Clipper group 
is 8 inches wide and occurs in a diabase dike 20 feet wide, which is 
much altered and decomposed. At 3,040 feet elevation the vein 
is 12 to 18 inches wide, but otherwise unchanged in aspect. The 
Cutter claims, 1,000 feet to the north, are practically identical in all 
respects and are reported to carry good values in gold. 

Buckhom group. — The Buckhorn group of nine claims is located 
on the west slopes of Granite Mountain, near the summit. The vein, 
which has been exploited by open cuts and by several tunnels, one 
at 3,100 feet elevation and the second at 3,000 feet, occupies a fissure 
in the granite, averages about 15 inches in width, and has been traced 
for several miles, striking N. 5° W. and dipping 45° NE. This vein 
is similar in character to the Treasure vein and is said to carry good 
values in gold. 

Lucky Find group, — The Lucky Find group of four claims is 
located on a vein deposit striking N. 45° W. and dipping 60° NE. 
In the 50-foot tunnel at 2,450 feet elevation the vein is 1 foot wide 
and occurs between a diabase dike and the inclosing granite. Tlie 
metallic minerals are pyrite and chalcopyrite, with quartz, calcite, 
and possibly siderite as gangue. Well-defined gouge marks the walls 
on both sides. 

Lucky Jim group, — ^The claims in the Lucky Jim group are situ- 
ated near the southwest side of the summit of Granite Mountain and 
are located on a quartz vein striking N. 25° W. and dipping 40° NE. 
and similar in every respect to the other veins of this area. The 
metallic minerals are altered pyrite, galena, malachite, and azurite. 

Other clainiH, — Other claims on the north side of Granite Moun- 
tain, near Salmon Lake, namely the Go-by group and the Juneau 
group, were not visited by the writers, but are said to be located on 
veins similar in character to those already described and are reported 
to carry good values in gold. In this region the question of trans- 
portation is necessarily an important factor, and on its solution de- 
pends the future of many of these claims. At present profitable 
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mining, even in a small way, is almost out of the question owing to 
the inaccessibility of the re^on. 

€U01JI0KDELE\ HOCXD. 

Ui>:Nl>:RAL DE8( RIPTION. 

Cholmondeley Sound is a deep inlet entering the east side of Prince 
of Wales Island. Ten miles from the entrance it divides into two 
long arms, the West Arm and the South Arm, each of which is 8 
miles in length. On its south side, about 8 miles inside the entrance, 
is Dora Bay, 3 miles in length and 1 mile wide, forming a good harbor ; 
and 2 miles east of this is Kitkun Bay, which may be entered only at 
high slack water, its entrance being shallow and obstructed by hidden 
reefs. Near the entrance to the sound the mountain declivities are 
gradual and heavily timbered, whereas from both South and West 
arms the valley slopes rise abruptly to higher altitudes, terminating 
in peaks 3,000 feet or more in elevation. On few of these does timber 
grow above the 1,500-foot contour. A low pass 4 miles in length 
extends from the head of the AVest Arm to the head of Hetta Inlet, 
and across this a Goverament road has been constructed, so us to 
form an easy route of travel and means of transportation for light 
freight from Ketchikan to Sulzer and Coppermount on the west 
coast of Prince of Wales Island. A second pass 6 miles long extends 
from South Arm-southward to the head of Klakas Inlet. This, how- 
ever, is used only by the nativas. Still a third pass, connecting with 
a chain of lakes, extends from Dora Bay southeast to the head of 
North Arm. 

The bed-ro<*k geology of this section of the island includes alter- 
nating bands of greenstone and sericite schist and limestones, the lat- 
ter usually altered to marble (PI. I). These all have a general X. 
50° W. strike with steep dips usually inclined to the northeast. In- 
vading these stratified formations are huge intrusive masses of granite 
and diorite, which are exposed along the north shore of the sound and 
form the mountains west of Dora Bay. Dikes of diabase and other 
porphyritic rocks noted in adjacent areas are also present in this 
section. 

The ore deposits within the area consist principally of auriferous 
quartz veins, both in the greenstone schist and along lines of breccia- 
tion in the limestone, the latter l)eing comi)arable with those at 
Dolomi to the southeast, which are described below. Vein deposits 
rich in galena ore carrjung silver values are also being developed. 

PROSPECTS SOUTH OF CHOLMONDELEY SOUND. 

OladBtone group, — The Gladstone property of four claims lies on 
the south side of the sound, 3 miles east of the entrance to Kitkun 
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Bay, and extends in an easterly direction for a mile from tidewater 
(fig. 16). These were located in 1904, and considerable prospecting 
by way of tunnels and open cuts has been done on all the claims, 
though no extensive developments have yet been undertaken. 

The rock exposures on this group of claims consist essentially of 
limestone, which in places is banded and siliceous and in places 
schistose, the structural lines striking N. 35° W. The ore bodies 
consist of two or more parallel tjuartz ledges including many frag- 
ments of the limestone country rock, and are in general parallel to 
the bedding planes of the inclosing rock, but in places crosscut them 
at small angles. The veins vary from 1 foot to 4 feet in width and 
are exposed at intervals for two claims in length. 

On the Gladstone No. 1 claim, 800 feet from and 140 feet above tide 
water, an open cut and tunnel have been driven on a 3-foot vein for 36 
feet, along which an altered diabase dike apparently forms the hang- 
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Fiti. 16. — Sketch map showing positions of prospects In vicinity of Cholmondeley Sound 

and Dora Lake. 

ing wall. This vein contains pyrite and chalcopyrite in a gangue of 
quartz calcite and some graphite. One hundred feet south of this a 
second vein 1 foot to 2 feet wide has been exposed by an open cut at 
210 feet elevation. Higher up the hill, at 270 feet elevation and 500 
feet east of the tunnel, the vein has a width of 4 feet and shows 
considerable sulphide ore. 

On Gladstone No. 2 claim the general east and west strike of the 
veins gradually changes to a N. (>0^ W., the dip being 85 "" NE. At 
400 feet elevation an open cut exj)oses a G-foot vein for considerable 
distance along the strike, and similar showings have been made at 
various other points on this and the two adjoining claims extending 
to the summit of the divide at 850 feet elevation, though it is doubt- 
ful if any of these deposits are continuous for so great a length as is 
generally supposed. 
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Equator group. — ^The Equator group of claims lies one-half mile 
northeast of the Gladstone group on the south side of Cholmondeley 
Sound (see fig. 16). This property was located in 1902, but no exten- 
sive developments have been accomplished. The principal workings 
are located at 350 feet elevation, a half mile from tide water, and con- 
sist of a 50-foot tunnel along the ore body. The mineral deposit is a 
quartz vein 3 feet wide, containing masses and fragments of the in- 
closing limestone country rock, striking N. 60° A¥., parallel to the 
limestone bedding planes, and dipping 50° SW., cutting the planes at 
a small angle. Chalcopyrite and pyrite form the sulphide minerals, 
and the values are essentially in gold. The same vein has been ex- 
posed by open cuts at points higher up the hillside. 

Saco claim. — The Saco claim, located in 1905, lies just below the 
Equator claim, at 200 feet elevation, on the southwest side of a gulch. 
On it a 50-foot tunnel exposes a vein deposit 4 feet in width at its 
mouth and narrowing to 2 inches at its face. The inclosing rock is 
a talc schist striking east and west, the trend of the vein being N. 
45° E. with vertical dip. Scattered through the vein are small masses 
of chalcopyrite and pyrite, carrying small values in gold and silver. 

Park View and 0. K. claims. — The Park View and O. K. prospects 
are located on the south side of Cholmondeley Sound, at an elevation 
of about 900 feet and 1^ to 2 miles from tide water. The mineral 
deposits on these claims were discovered in 1905 and have been de- 
veloped by surface stripping and open cuts. On the Park View 
claim a 5-foot belt of mineralized schist parallel with the inclosing 
schists and striking N. 75° W. has been exposed by an open cut and 
a pit 8 feet deep. This lode deposit includes stringers and kidneys of 
quartz and calcite, and chalcopyrite and pyrite are finely dissemi- 
nated in the veinlets and the schist. The average values are reported 
to be low, and it is doubtful if ore sufficiently high in grade to mine 
will be found. 

. On the O. K. claim, three- fourths of a mile to the west, on the west 
slope of the ridge, practically no work has been done. The deposit 
is a well-defined quartz vein striking N. 75° W. and following the 
contact between a schist to the north and a limestone belt to the 
south. The vein is 3 to 4 feet wide and is exposed 100 feet in length, 
containing chalcopyrite, pyrite, sphalerite, and smaU amounts of 
galena, and is reported to carry copper and gold. 

PROSPECTS AT KITKUN BAY. 

Washington and Oregon claims. — The Washington and Oregon 
prospects are situated on the southeast side of Kitkun Bay one- fourth 
mile from tide water. They were first located in 1900 as the Maggie 
May group, and in 1904 were relocated under the above names. 
Most of the development work consists of wide open cuts and 
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has been done on the Washington claim near its junction with the 
Oregon at an elevation of 800 feet (see fig. 17). The ore body con- 
sists of a 10-foot band of brecciated limestone and schist, traversed 
by a network of quartz stringers and veinlets carrying small amounts 
of sulphide ore. The strike of this lode deposit is N. 45** E., cross- 
cutting the general trend of the inclosing country rock, which is to 
the northwest. About 200 feet east of this belt is a vein deposit 3 




Fio. 17. — Map of Kltkun Bay, gtaowinK location of prospects. 

feet wide, striking N. 30^ E. with vertical dip and crosscutting the 
chlorite schist country rock. In this vein pyrite, chalcopyrite, and 
sphalerite occur, containing small values in gold and silver. 

Kid group. — The Kid group of three claims lies one-fourth mile 
east of the Washington claim. The property was originally located 
as the Fawn group and is described by Mr. Brooks in his report, but 
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since his visit in 1901 little development work has been done, and in 
1905 the claims were relocated as the Kid group. Greenstone schists 
with intercalated limestone beds form the country rock and have a 
nearly east and west strike with a dip 45° N. Three parallel quartz 
veins striking X. 80° E. with a vertical dip have been prospected on 
these claims. On claim No. 2 is a tunnel 30 feet long at 650 feet ele- 
vation, exposing a vein 4 feet wide, which has been traced for a con- 
siderable distance along the surface, following the principal direction 
of slipping planes and jointing in the country rock. At one point it 
was crosscut by a diabase dike of more recent intrusion than the ore 
deposition. The vein is essentially quartz, carrying small amounts 
of pyrite, chalcopyrite, galena, and sphalerite. About 150 feet east 
of this tunnel is the second vein, which is from 4 to 8 feet wide and 
outcrops along the surface for a considerable distance. Where 
opened by surface cuts, pyrite contained in a gangue of quartz and 
calcite was the principal sulphide mineral. 

The third vein lies 50 feet farther east, and has been explored by 
several open cuts, exposing a vein 6 feet in width with included frag- 
ments of schist in which sulphide minerals were finely disseminated. 
This vein, as also the other two, are reported to contain but a few 
dollars in metal values. 

Alameda and Frisco claims, — The iVlameda and Frisco claims, 
which are also undeveloped prospects and represent relocations of the 
Tom Boy claims Xos. 1 and 2, are situated along a gulch one-half 
mile from tide water and 1 mile southeast of the Washington claim. 
On the Alameda claim, at 750 feet elevation, is a vein deposit 4 feet 
in width striking north and south with a dip of 50° east, and at 850 
feet elevation the same vein is exposed on the east bank of the gulch. 
The deposit was essentially of quartz, containing very little mineral, 
and is said to be low in gold value. At 1,000 feet elevation, on the 
Frisco claim, a 12-foot vein deposit striking north and south has been 
opened by a surface trench, and in the vein are included fragments 
of the schist and limestone countiy rock, and small particles of pyrite. 
The vein is said to carry but a few dollars in gold values. Above 
this claim, at 1,050 feet elevation, on the divide between Kitkun Bay 
and Dolomi or Johnson Inlet, a slightly mineralized lode deposit 30 
feet in width is exposed and forms a small ridge protruding alK)ve 
the schist. This is also reported to be of too low grade to mine. 

CroesuH group, — This gi'oup embraces sixteen claims extending 1 
mile inland from the south end of Kitkun Bay. They were first 
liK'ated in 1899 and are descrilxnl by Mr. Brooks, who visited the local- 
ity in 1901, at which time energetic developments were being ad- 
vanced. Since 1902 operations have been suspended. At a point 600 
feet in elevation and three-foui'ths mile from the bay is the Croesus 
timnel, 360 feet in length. This follows a quartz vein varying from a 
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width of 4 feet at the mouth to 4 inches in width at the face of the 
tunnel and striking south with a dip of 85° E. The country rock is a 
greenstone schist alternating with beds of limestone and striking X. 
70"^ W. with a dip 70'' NE. Abore this tunnel at 750 feet elevation 
a second tunnel 135 feet long has been driven along the same quartz 
vein, though in this the width of the vein was much smaller, varying 
from 2 to 8 inches. Rich ore is reported to have been taken from this 
vein, but the pay streaks are small and in places were faulted, thus 
discouraging further developments. About a half mile southwest of 
these workings is the San Juan claim, on which at a point 500 feet in 
elevation a crosscut timnel 320 feet in length has been driven in a S. 
65° E. direction, and above this a second tunnel 20 feet long has been 
driven, though in neither tunnel was ore exposed. At 680 feet in 
elevation a quartz vein 6 feet wide striking X. 20° -W. with a dip 30° 
NE. Some high assays have been obtained from the ore in this vein, 
but its average value is low. Other prospects have been located in 
this vicinity on similar vein deposits, but these were not visited by the 
writers. 

PROSPECTS AT THE HEAD OF DOBA BAY. 

General description, — Dora Bay is a narrow inlet 3 miles long on 
the south side of Cholmondeley Sound (tig. 10). At its head a 
stream one-half mile long connects with a lake 1\ miles long, and at 
the head of the lake the mining prospects are located. These may 
also be reached by a ti*ail from the head of X^orth Arm. The lime- 
stones an<l schist constitute the principal l)ed-rock exposures within 
this area, and on the west side of the bay these are intruded by a 
wide area of granite, which also forms the west shore of Dora Lake. 
The mineral deposits are veins in the limestone and schist and con- 
tain values principally in silver and lead with only small values in 
»old, the ore minerals Wing galena, sphalerite, pyrite, and chal- 
copyrite. 

Lady of the Lake group, — The Lady of the Lake claims, three in 
all, are located just above the southwest end of Dora Lake 13 miles 
from the bay. At 220 feet elevation a crosscut tunnel 68 feel long 
imdercuts a vein deposit 3 to 8 feet wide along a plane of breccia- 
lion in the calcite-schist country rock. At its outcrop ()0 feet above 
the tunnel the vein has l)een oi>ened by surface trenches along its 
strike, which is X. lO*' W. with a dip 50° S\V., parallel to the bedding 
planes of the inclosing limestone coimtry r(K*k. The contained min- 
erals are galena and sphalerite, with some pyrite and chalcopyrite, 
and the values contained are in gold and silver. Xo work has been 
done during the last few years on this property. 

Oregon and Idaho claimH. — The Oregon and Idaho prospects were 
originally located as the Frisco group in 1899, and in 1903 were relo- 
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cated under the above names. They are situated just south of the 
Lady of the Lake group and half a mile from the western end of 
Mineral Lake, tributary to North Arm. The rock exposures consist 
of decomposed and slightly mineralized schist striking N. 20° W. and 
dipping 70° SW. The ore body is a well-defined vein deposit 3 feet 
in width striking N. 20° E. with a dip 70° SE., and follows the 150- 
foot contour of the mountain slope for several hundred feet. It has 
been developed by pits and open cuts and contains sphalerite, pyrite 
with some galena, and chalcopyrite. The ore body is not large and 
the values are said to average but a few dollars. 

INILOXI. 

General descriptian, — Dolomi is a small mining town at the head 
of a small bay on the north side of Johnson Inlet, which has its en- 
trance south of Cholmondeley Sound. Tributary to this bay are two 
broad, low-lying valleys occupied by lakes, the one trending to the 
north and the other to the west. The surrounding mountains are rela- 
tively low, with gradual slopes densely wooded to their summits. 

The rock exposures are the continuation of the limestone and schist 
belts exposed in Cholmondeley Sound to the north and having an 
east and west strike (see PI. I). The rock beds at this point «jpe 
closely folded, and the limestones are altered to marble, which is 
often banded blue in color and siliceous. The schists are made up 
principally of greenstone material, chiefly indurated tuffs, and inter- 
bedded with them are sericite and argillite schists. Numerous dikes 
of diabase intrude these rock beds as well as the ore deposits. 

The ore bodies are typical examples of the breccia veins and usual- 
ly strike parallel to the general structural planes of the altered lime- 
stone and siliceous schist country rock. Along these planes the min- 
eral solutions have circulated, depositing quartz and various metallic 
sulphide minerals, which together form the cementing material of the 
brecciated limestone fragments. These included rock fragments, as 
well as the inclosing wall rock, are largely replaced by the ore-bear- 
ing minerals. These deposits vary from 2 to 10 feet in width and are 
often traceable for 1,000 feet or more. The minerals contained are 
fine gold, tetrahedrite, galena, sphalerite, chalcopyrite, and pyrite, 
with quartz and calcite as gangue. At the surface exposures the tet- 
rahedrite and chalcopyrite are in some instances altered to malachite 
and azurite, which tinge the veins with characteristic green and blue 
colors. In this type of deposit the richer ore generally occurs in the 
form of shoots within the vein, pitching at an angle to its dip. Of 
the many veins that have been prospected, the Valparaiso, Paul, Ama- 
zon, and Golden Fleece are best known. Since 1898 prospecting has 
been done in this vicinity, and a vast number of claims have been lo- 
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cated and partially developed, but only those properties on which the 
larger ore bodies have been exploited will be described in the follow- 
ing pages. From two mines, the Valparaiso and Golden Fleece;, a 
small production of high-grade ore was made in former years, but of 
la 2 mining progress has been retarded by litigation. But this diffi- 
culty is said to have recently been overcome. 

Valparaiso group. — The Valparaiso group of claims includes sev- 
eral locations along the north side of Paul Lake, from 1 to 2 miles 
from Dolomi, and are connected with the head of the bay by a surf ace 
tramway (fig. 18). The principal development work has been ad- 
vanced on the Valparaiso claims Nos. 1 and 2, and on the Paul and 
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Fio. 18. — Sketch map showing mines and prospects near Dolomi, Prince of Wales Island. 

Jessie claims. The Valparaiso claims are located from 80 to 100 
feet above and one-fourth mile from the northwest end of Paul 
Lake : the workings consist of two shafts 150 and 225 feet in depth, 
from the latter of which 90, 150, and 200 foot levels have been extended 
along the vein 175, 350, and 250 feet, respectively, in length. On the 
Paul and Jessie claims, along the north shore of Paul Lake, several 
shafts have been sunk from 10 to 60 feet, following the veins, and 
various cuts expose the ore body along the surface. The Valparaiso 
vein is probably the largest and most extensive of the ore bodies that 
have been discovered in this section. It has been traced several thou- 
8and feet and averages from 4 to 10 feet in width. It has a N. 55^ W. 
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trrad «id dips 80"* to 50® NE., the variation being due to the folding 
and flexing of the inclosing limestone beds, with which the vein is 
in general parallel. Taken as a whole, the vein is of moderate grade 
ore, but several ore shoots containing high values have been found in 
it, and from the main shaft on claim Xo. 1 a considerable amount of 
this ore has been mined. The following figure presents a cross sec- 
tion and plan of the ore shoot in this vein as exi)osed at these work- 
ings (fig. 19). The ore shoot is confined to the foot wull, and pitches 
60° SE. The central portion of the vein is made up of limestone 
breccia in a quartz matrix, and on both the foot and hanging wall 
sides it is defined by veins of massive quartz. Slipping planes along 
which gouge matter is present were observed striking parallel with 
the vein. The ore minerals are tetrahedrite carrying free gold, chal- 
ropyrite, and some pyrite. 




Flu. 19. — Sketch of mine workings at ValparnlHo mino. Doloml. showing position of or<» 

shoot 

The veins exposed on the Paul and Jessie claims are similar to the 
Valparaiso vein and have fairly well-defined walls. The principal 
vein, which has been developed on both of the claims, strikes X. 70° 
W. and dips 35° XE. It varies from 3 to 8 feet in width and follows 
the general trend of the inclosing limestone. It is traversed by 
slipping planes, showing that a deformation of the vein has taken 
place since its deposition. Both in the vein and in the country rock 
sulphide minerals are finely disseminated and occur in small masses 
throughout the vein. The minerals observed are free gold, pyrite, 
chalcopyrite, tetrahedrite, galena, and sphalerite, and at the surface 
malachite, azurite, and limonite are present. 

Amazmi claim, — The Amazon claim is located about 1 mile north 
of Dolomi and west of John Creek (fig. 18). The country rock is 
a calc schist striking X. 85° E. with a dip of 50° XW. The deposit 
is a breccia vein from 5 to JO feet in width, which is parallel to tlxe 
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bedding plane. The developments consist of an inclined shaft 125 
feet deep and at a point 50 feet below the surface a drift extended 
^0 feet to each side. The ore is of relatively low grade. 

Salmon claim. — ^This claim is located on the west side of John 
Creek one- fourth mile north of Dolomi (fig. 18). The ore at this 
point is inclosed in a greenstone schist and consists of a breccia vein 
averaging 5 to 15 feet in width, striking X. 80° W. and exposed for 
300 feet in length by open cuts and shallow pits. The surface ex- 
posures of this deposit are much oxidized, the original sulphide 
minerals being pyrite and chalcopyrite. Material from the oxidized 
portion subjected to pan tests yielded colors of gold. 

Beauty claims. — ^The Beauty group of two claims lies one-half 
mile north of Dolomi on the east side of John Creek, the lower claim 
crossing to the west side of the creek (see fig. 18). A quartz vein 4 
to 6 feet wide striking N. 20° E. and dipping 45° SE. constitutes the 
ore body. This traverses a limestone belt striking N. 30° W. and has 
been traced for nearly 1,000 feet, being exposed on claim No. 2 by 
two inclined shafts 50 feet and 60 feet in depth and on claim No. 1 
by a 15-foot shaft. On the east side of the latter claim another vein 
deposit 2 feet in width parallels the l^edding plane of the limestone, 
but has only been exposed by an open cut. The minerals contained 
are tetrahedrite, chalcopyrite, and pyrite, with small amounts of mala- 
chite and azurite exposed on the surface. 

Fortmie claims. — The Fortune claims begin 100 yards below the 
mouth of James Lake and extend northwest along the southwest 
shore of the lake. The country rock is a graphitic schist with included 
bands of blue limestone. The ore body is a lode deposit striking N. 
60° W. and dipping 25° SE. and is 10 feet or more in width including 
quartz veins from 1 foot to 2 feet in width. Slipping planes are of 
common occurrence throughout the deposit, and in places it is much 
fractured. Chalcopyrite and pyrite are the principal minerals that 
occur. The developments consist of shallow shafts and open cuts and 
do not exceed in amount the annual assessment requirements. 

Alphxi group. — The Alpha claims, three in number, are located 
between 300 and 400 feet elevation on the mountain IJ miles from 
Dolomi and half a mile east of James Lake (see fig. 18). The prin- 
cipal ore body developed consists of a vein deposit 5 feet in width, 
which has been traced for nearly 2,000 feet in length. The rock 
formation consists of a banded limestone, in places schistose and 
much folded, striking N. 80° W. The vein has a north and south 
strike and dips 45° W. and contains pyrite and chalcopyrite with 
small values in gold. The development work consists of open cuts 
and a shaft 35 feet deep. 

Golden Fleece grotip. — The Golden Fleece property, which repre- 
sents one of the earliest locations in the region, lies on the north end 

Digitized by LjOOQ IC. 



176 KETCHIKAN AND WRANGELL MINING DISTRICTS, ALASKA. 

of James Lake 2 miles from tide water (see fig. 18). A 5-stamp 
mill was erected on the property in 1901 and a tramway built from 
the lower end of the lake to the wharf at Dolomi. The mine de- 
velopments, which were actively advanced in 1901-2, consist of two 
long tunnels, each 200 feet in length, and from them stopes and 
winzes have been sunk on the ore body. Early in 1905 work on this 
property was suspended and since that time no attempt has been 
made to operate this mine. 

The ore deposits are irregular lenses slightly cutting the bedding 
planes of the inclosing limestone and varying from a fraction of a 
foot to 8 feet or more in width. The strike of these irregular de- 
posits is northeasterly, the dip being 40° SE. A peculiar and ad- 
vantageous feature of this mine is the occurrence of several limestone 
caverns which in places follow the mineral deposit. Crosscutting 
both the limestone and the ore bodies are diabase dikes which are 
of more recent intrusion than the ore deposit. The ore consists of 
free gold with tetrahedrite and pyrite, the grade on a whole being 
moderate. 

PBOSPBCTS ON SOUTH SIDE OF NOBTH ABH. 

On the south side of North Arm several groups of claims have 
been located on the mountain slope 1 to 2 miles from the shore, but 
with the exception of annual assessment work the developments have 
been slight (see fig. 7). 

The Westlake group consists of three claims, the Little Annis, the 
Blue Bird, and the Homestake, located in 1901. On the Little Annis 
claim, at 1,200 feet elevation, quartz stringer veins occur in granite 
near its contact with a schist belt and have been exposed near its 
contact by several open cuts. The veins strike N. 30*^ E. and dip 70° 
SE. ; they are variable in width, contain pyrite in small amounts, and 
are reported to carry low values in gold. At 1,500 feet elevation, on 
the Blue Bird claim, which has been relocated and is now called the 
Sleepy Eye claim, a shaft 40 feet deep has been sunk on a bedded vein 
in mineralized schist, striking N. 60° W. and dipping 55° SW. The 
metallic minerals are galena, zinc blende, pyrite, and occasional parti- 
cles of free gold, in a gangue of quartz and graphite. The schist 
formation is banded and varies from phyUite to green chlorite schist. 
The vein is reported to carry high values in gold and can be traced 
for a considerable distance. The main quartz vein shows evidence 
of having been fractured and recemented by later quartz fillings. 
The developments on this group of claims, however, have not yet 
progressed sufficiently to expose ore bodies of any extent or great 
promise. 

Northwest of the Westlake group and nearer the shore is the Hope 
claim, on which a pyritiferous quartz vein has been discovered fol- 
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lowing slipping planes in chlorite schist. The vein is irregular in 
width and direction and has been investigated by means of a tunnel 
at 450 feet elevation and about 80 feet in length. Not far from the 
tunnel a large intrusive granite mass invades the chlorite schist. 
These claims were visited and described by Mr. Brooks in 1901, and 
but little work has been accomplished on them since that time. 

GBAYINA ISLAND. 

OKNERAL DEiJCRIPTION. 

The only gold deposits so far discovered on Gravina Island are 
along its eastern shore opposite Pennock Island. This portion is 
made up of the greenstone schists with interstratified slate beds strik- 
ing X. 50^ W. and dipping 60° XE. These are intruded by occasional 
dikes of diabase striking approximately north and south, which cross- 
cut the ore deposits. The ore bodies are both vein deposits and lode 
deposits, the latter being the most important. The lodes consist of 
an impregnation of sulphide minerals and fillings of quartz in 
the form of veinlets along beds of altered greenstone schist. This 
character of mineralization extends from 5 to 50 feet in width and 
is often traceable for a few thousand feet along the trend of the 
schist. Such lodes may be readily recognized on the surface by the 
bleached appearance of the rocks caused in part by the decomposition 
of the sulphide minerals. The principal metallic mineral is pyrite, 
disseminated in the form of small, bright cubes and contained in both 
the quartz veinlets and the schist in amounts varying from 2 to 4 
per cent. The presence of slipping planes and narrow seams, usually 
transverse to the schistosity, which are often filled with quartz con- 
taining the sulphide minerals galena and sphalerite, indicates an in- 
jection of mineralizing solutions subsequent to the main period of 
ore deposition. Gold is also present in these later veins in small 
visible particles. 

COLDSTREAM GROUP. 

Situation and development, — The Goldstream group of six claims, 
the property of the Irving Consolidated Mining Company, is situated 
close to tide water on the east side of Gravina Island 3 miles south 
of Ketchikan. The presence of mineral deposits outcropping along 
the shore at this locality has been known since 1897, and various at- 
tempts have been made to develop them, but with little success. The 
principal work was done in 1903, when a r)-stamp mill was installed, 
a shaft was sunk, and drifts were extended along the ore body. Small 
developments were accomplished the following two years, and the 
values recovered from the ore mined and treated in the stamp mill 
are reix)rted to have defrayed all development expanses. In 190G 

40840— Bull. 347—08 12 C" r^r^nAo 

Digitized by VjOOv IC 



178 ICETCHTKAN AND WRANGELL M^INING DISTRICTS, ALASKA. 

the Irving Consolidated Mining Company was organized and larger 
operations were begun. The present developments consist of a shaft 
115 feet in depth, from which two levels 50 and 100 feet below the 
surface have been extended and about 400 feet of drifting and cross- 
cutting has been accomplished. From the stopes in the ore body 
3,000 tons of ore are reported to have been mined. At other points on 
each of the two adjoining claims to the southeast belonging to the 
same company a 50-foot shaft has been sunk and open cuts and 
trenches have been made along the ore bodies. Besides the 5-stamp 
mill a wharf has been built and several buildings erected. 

Ore bodies, — Two lode deposits occur at this mine, both striking 
parallel with the schistosity of the inclosing rock and being separated 
by a belt of unmineralized schist 90 feet in width. The country rock 
is a schist of variable character, made up of both igneous and sedi- 
mentary material, the predominant varieties being chlorite, talc, and 
quartz-sericite schist. The main deposit, on which the principal de- 
velopments have been advanced, has a width of 4 to 8 feet and is 
traceable 1,000 feet or more in length. Though the lodes are miner- 
alized throughout, the values are confined to an ore shoot pitching 60° 
SE. in the lode exposed at the top of the shaft. This is exposed in 
both the 50- and 100-foot levels for 60 to 80 feet in length, and from 
it a large portion of the ore has been mined. It is reported that late 
in 1906 another ore shoot had been opened on the 100-foot level by a 
drift extending northwest from the shaft. The principal minerals 
contained in the ore from this deposit are pyrite, chalcopyrite, galena, 
sphalerite, and some arsenopyrite. The gold occurs native, associ- 
ated with the sulphides and quartz seams in small particles, and 
along slipping planes and cracks in the form of thin flakes. In the 
mine workings an altered diabase dike several feet wide has been 
encountered crosscutting the ore body and striking X. 10° W. with a 
dip of 75° NE. Quartz stringers barren of mineral were observed to 
intersect this dike, and these and the dike are younger than the gen- 
eral mineralization of the schists and apparently of more recent in- 
trusion than the second period of mineralization represented by the 
quartz seams carrying galena and sphalerite. On the second lode 
deposit, 100 feet southwest, is a much wider ore body exposed across 
a width of 40 feet and for several hundred feet in length. The hang- 
ing- and foot- wall sides of this lode are defined by bands of heavily 
mineralized rock 8 to 14 feet wide, the central portion being com- 
posed of but slightly mineralized schist. A 50-foot shaft has been 
sunk on the foot -wall portion of the lode, but the ore developed car- 
ries only small values in gold. The possible continuation of this 
deposit has also been prospected on the adjoining claim to the south- 
east bv a 50-foot shaft and surface trenches. 
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HECKMAN GROUP. 

The Heckman group consists of five claims which start at a point 
on the shore 1 mile south of the Goldstream mine and extend north- 
westerly up the eastern slope of the island. Close to the beach is a 
BO-foot shaft with drifts 32 feet in length exposing a lode deposit 8 
feet in width. At a point half a mile to the northwest a second shaft 
has been sunk 50 feet on a similar lode deposit, though at this point 
but a small amount of mineralization was observed. No work has 
been done on these claims during the last few years. 

MOONSHINE GROUP. 

The two claims which comprise the Moonshine group are located 
one- fourth mile south of the Heckman group. The ore bodies on these 
claims consist of two parallel vein deposits striking northwest, the one 
18 feet and the other 6 feet wide, separated by 50 feet. The coimtry 
rock is made up of black and altered greenstone schist. On the larger 
vein is an open cut 30 feet long, and on the smaller vein a shaft 12 
feet deep has been sunk. No work has been advanced on these de- 
posits during the last few years aAd the ore is apparently of too low 
a grade to encourage further developments. 

ANISETTE ISLAND. 

Annette Island lies just south of Gravina Island and includes an 
area of 133 square miles. The eastern luid central parts of the island 
are abrupt and mountainous, the highest summit being Mount Ton- 
gass, with an elevation of 3,684 feet; the west coast of the island is 
low and flat and is fringed by dangerous reefs. The only village on 
the island is the thriving Indian settlement Metlakatla, which is 
unique in many ways and owes its existence and present prosperity 
iMitirely to Mr. William Duncan, whose active life has all been prac- 
tically devoted to the uplifting and education of this tribe of Indians. 
The results he has attained and the high plane of civilization to which 
he has brought these untaught Indians are most creditable, and, as an 
example of devotion and self-sacrifice, his work will ever remain an 
unparalleled achievement in the annals of the pioneer life of Alaska. 

By act of Congress Annette Island was reserved for the exclusive 
use of the Indians under Mr. Duncan. At the time when this act was 
passed little was known of the mineral resources of this coimtry, 
although prospectors had already located claims on the east side of 
this island and developed them to some extent. On the passage of 
this law these prospectors were banished from the island and further 
prospecting prohibited, the object in view being to isolate the In- 
dians and remove them from the influence of the whites as much as 
possible. In the course of years the Indians have shown themselves 
independent and capable to cope with the white men in their chosen 

Digitized by LjOOQrC 



180 KETCHIKAN AND WRANGBLL MINING DISTRICTS, ALASKA. 

field of activity. With the exception of Metlakatla, the island is' 
uninhabited and is benefiting neither Indian nor white man. In 
his report on this district Mr. Brooks <* presented a broad view of the 
case and suggested that the eastern mountainous half of the island 
be opened to prospectors and mining men, to whom much of the de- 
velopment of this region is due. The Indians by nature do not take 
kindly to prospecting and mining and have given no indication that 
they will ever use in any way the eastern half of the island, which 
has little or no value from an agricultural standpoint. To release 
the land a special act of Congress will be necessary, and even then it 
is not certain that mineral deposits of great value will be discovered. 
However, abundant evidence of mineralization and small deposits of 
high-grade ore were observed on the island by the writers. 

The geology of the island is represented in a general way on the 
map (PI. II). The central portion is composed of intrusive granitic 
masses and is surrounded by Paleozoic limestones, schists, and slates, 
and along the eastern shore the latter are overlain by greenstones 
with interstratified slate beds. Along the southeastern shore, both in 
the granite and the schists, are vein deposits in which pyrite, chal- 
copyrite, and some galena were noted. Many of these were located 
and prospected in former years. Vein deposits and ore pockets occur- 
ring in a limestone belt were developed to considerable extent at a 
point 2 miles from tide water on the south side of a lake on the east 
side of the island. These veins are small and of no great extent, 
being less than a foot in width and less than 100 feet in length. Sev- 
eral of these deposits, some of which are mere pockets, have been 
exposed by open cuts. They contain much tetrahedrite and some 
chalcopyrite, and are said to carry high values in both gold and silver. 
On the east side of this lake is a band of mineralized schist contain- 
ing chalcopyrite and pyrite, which, however, has not been developed 
iind is said to carry low values in copper and gold. 

North of these deposits, about a mile from tide water, quartz veins 
were observed in the schist adjacent to the granite and in a few 
instances in the granite. These are well defined on the surface and 
vary from 1 foot to 4 feet in width. They contain practically no 
sulphide minerals, and are said to carry low values in gold. 

Mining developments and prospecting have been at a standstill 
since this island was niade an Indian reservation, and the above 
prospects and deposits, though worthy of further investigation, have 
been idle. 

DALL INLANO. 

(reneral description.— DrU Island is an irregular mountainous land 
strip, about 40^ miles in length, lying southwest of Prince of Wales 
Island, with summits averaging from 1,500 to 3,000 feet in altitude. 

« Brooks, A. H., Prof. Paper U. S. Geol. Survey No. 1, 1002, pp. 108-109. 
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It is made up essentially of schist, limestone, and occasional narrow 
lielts of granite, all of which have a northwesterly trend and traverse 
the island at an angle to its principal axis. Prospecting has not 
been vigorous in consequence of its isolated position, and its ocean- 
ward coast is known to only a few of the more persistent gold seekers. 

Dakoo Harbor prospects. — The principal prospects on Dall Island 
are located at the south end at Dakoo Harbor, 2 miles northeast of 
Cape Muzon, on the Elk and Virginia claims. The ore bodies are 
both auriferous quartz veins and belts of schist impregnated with 
gold-bearing sulphides. On the Elk group, which is situated only a 
short distance from tide water, two tunnels have been driven 200 and 
265 feet in length, at 80 and 450 feet elevation, respectively. The 
deposit is exposed only in the upper tunnel and by several open cuts. 
I{ consists of a belt of decomposed schist, and across a width of 50 
feet or more this is reported to carry sufficient values in gold to make 
low-grade ore. The Virginia group lies northwest of the Elk at an 
altitude of 300 feet, 1^ miles from tide water. Bands of mineralized 
schist also occur on this property, but the principal ore bodies are 
quartz veins varying from narrow stringers to veins 10 feet in width. 
They are exposed by two shafts less than 20 feet in depth and by 
short tunnels located in a narrow creek canyon. The country rock is 
a weathered amphibole schist interbedded with narrow bands of crys- 
talline limestone. The gold values are associated with pyrite, chalco- 
pyrite, and galena, and are said to be higher than those contained in 
the Elk lode. 

Mount Vesta prospects. — The Mount Vesta group of claims, a prop- 
erty of the Alaska Industrial Company, is located on the northeast- 
em slope of Mount Vesta, about a mile from Mount Vesta Harbor. 
The mineral occurs in small seams or veinlets a few inches in width 
and separated by wide areas of crystalline limestone. The ore is of 
high grade and composed essentially of tetrahedrite (gray copper) 
and chalcopyrite with galena and sphalerite. The mine workings are 
situated between 600 and 800 feet in elevation, and consist of open 
cuts and a tunnel SO feet in length. Many other prospects have been 
lcK»ated along the east coast of Dall Island, though no improvements 
of importance have been made on them. 

BAKEB I8LAND. 

Baker Island is one of the smaller seaward mountainous land 
masses off the west coast of Prince of Wales Island and north of 
Dall. Island (see PI. I). Its western side is composed of a granite 
belt intruding argillaceous schists, which lie to the east, striking north- 
westerly and dipping northeast. The rock exposures around the east 
side of the island are mainly of greenstone lava and tuff beds witli 
some iiiterstratified argillites. 
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Adjacent to Port Antonio, in the central portion of the island, 
deposits consisting of small quartz veinlets in the granite and the 
adjacent schists have bc^en located and prospected to some extent. 

The principal prospect is located on the north side of the bay at 
alx)ut 300 feet elevation. Here quartz veinlets carrying some galena, 
sphalerite, and pyrite inclosed in the argillaceous schists have been 
exposed by open cuts, and the ore is said to carry high values, though 
the amount developed is small. Near the entrance to San Antonio 
Bay several parallel quartz veins are exposed along the shore in- 
closed in the granite and containing small amounts of pyrite. They 
liave not been developed, and the values contained are said to 
be low. 

WOKWOIIHKI I8LANI>. 

General deseription, — Woewodski Island lies between the souUi 
end of Wrangell Narrows and the entrace to Duncan Canal and is 
separated from Kupreanof Island to the north by Beecher Pass. It 
is a relatively low-lying land mass from 3 to 4 miles in width and 5^ 
miles in length, and is heavily timbered to the mountain tops. Geo- 
logically the island is traversed by the slate-greenstone belt striking 
northwest and intruded by diorite batholiths in a small area in the 
northeast section of the island. A large number of mining claims 
are located along both the east and west shores of the island and a 
large amount of development work has l)een done, though none of 
the properties have reached the producing stage. The ore bodies 
are principally vein deposits containing essentially gold values and 
inclosed in the slate greenstone countiy rock. 

Ilaftie group, — The Hattie group of claims, the property of the 
Olympic Mining Company, is situated close to tide water on the 
southwest side of Woewodski Island (see fig. 20). The claims were 
first located in 1900, and in 1901 active developments began aiul 
progressed until the end of 1903. In 1904 operations were suspended 
and the property was idle until the summer of 1907, when small 
developments were again in progress. The surface developments 
consist of a wharf, connected by a tramway 1,000 feet long with the 
mine workings, and various mine buildings. 

At the mine a 3G0-foot tunnel has been driven in a northeasterly 
direction, and at a point ()0 feet from its mouth a shaft has Im^ii sunk 
135 feet in depth from the tunnel level, and from this shaft two levels 
have been extended at depths of 62 and 134 feet. At the time of the 
writers visit the shaft was filled with water, and observations were 
necessarily confined to the tunnel and surface exposures of the ore 
bodies. 

The country rock is essentially an altered greenstone, in places 
schistose, striking northwest. The ore bodies are vein deposits filling 
fissures and breccia veins along planes of brecciaticm in the countiy 
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rock, and in places both fissure and breccia veins occur together. 
Several deposits of this character have been exposed in the mine 
workings and along the surface, the largest being the Hattie vein, 
varying from 5 to 20 feet in width, and traceable for several hun- 
dred feet in length. The vein has a northeast strike and dips 80° 
SE., but in places it stands nearly vertical. As a whole it is appar- 
ently of too low grade to make ore, but in it are shoots of ore pitch- 




Fia. 20. — Sketch map of Woewodskl Island, showing positions of mining claims. 

ing southwest in which good values are reported. Fault planes, indi- 
cated by gangue seams, were observed striking north and south, 
but they do not appear to have displaced the vein to any extent. The 
vein material is principally quartz surrounding large masses of al- 
tered greenstone, which is also slightly mineralized. The ore min- 
erals, which constitute from 1 to 3 i>er cent of the vein filling, are 
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pyrite, with chalcopyrite, galena, and some sphalerite. The values 
contained are essentially in gold, with some silver and copper. 

Helen S. group. — The claims belonging to the Helen S. group are 
situated 2\ miles northwest of the Hattie group on the northwest 
end of the island. The claims were located by the Olympic Mining 
Company in 1902, and active developments were advanced in 1903 
and to some extent in 1904. In 1905 and 1906 the property was idle, 
and not until the summer of 1907 was it reported that small develop- 
ments had again begun. A 20-stamp mill and compressor plant have 
been erected on the property, but, except a small run for test purposes, 
this machinery has remained idle. At a point 600 feet from tide 
water a shaft 100 feet deep has been sunk, and at this level 650 
feet of drifting and crosscutting has been extended ; 400 feet to the 
north a second shaft has been started. 

The country rock exposed along the shore and up the creek bottom 
is principally greenstone schist with some black slate bands inter- 
stratified striking north and south with a dip of 70° E. Open cuts 
have exposed several quartz veins and stringers interbedded and 
branching in various directions along jointing planes. At 40 feet 
elevation a quartz vein 4 feet wide containing galena, sphalerite, and 
pyrite crosses the creek and is parallel to the schistosity of the in- 
closing greenstone. Just above this, at an altitude of 50 feet, is a 
2-foot vein striking N. 85° E., at right angles to the former, and 
dipping 80° X. It has been developed by a 15-foot shaft and open 
cut. The veins of this system, though usually small, are reported 
to contain higher values than those that parallel the structure of the 
inclosing rocks. The principal deposit on which the shaft has been 
sunk and the drifts extended consists of a mineralized belt of schist 
striking north and south and dipping 50° E. and intersected across 
a width of 5 to 15 feet by a network of quartz and calcite stringei-s, 
in places having a banded flinty character. This has been traced 
several hundred feet in length, and the included rock as well as the 
stringers contain pyrite with some galena and sphalerite in small 
masses and disseminated particles varying from 2 to 4 per cent in 
amount. The gold values are combined principally with the pyrite, 
and the tests made yielded but a small per cent of free-milling gold, 
most of the values being contained in the concentrates. 

IIOBONKOFSKI ISLAND. 

General description. — AVoronkofski Island occupies an area of 
about 25 square miles in Stikine Strait and lies just west of the town 
of AVrangell. It is heavily timbered to its mountain summits, which 
reach 1,500 feet in altitude. The rock exposures around its northern 
and eastern shore are argillites and schists. To the southwes-t these 
are intruded by a wide mass of granite, which occupies the western 
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portion of the island. The ore occurrence on this island is of 
interest because the deposits are included in the granite intrusive. 

Elephant None prospects. — The principal prospects in the vicinity 
of Elephant Nose are the Exchange group of several claims located 
in 1900. The mine workings are located near tide water in a cove 
just west of Elephant Nose. Here a quartz vein 12 to 15 feet wide 
is exposed by surface cuts and is undercut 25 feet in depth by a 
tunnel 45 feet long. This vein deposit crosscuts the granite striking 
north and south and dipping 30° W., and includes small masses of 
the granite. The minerals contained are essentially pyrite and the 
vein ib said to carry moderate values in gold. 

SMEATOX BAY PB0SPECT8. 

The prospects near Smeaton Bay are located on the mainland shore 
2 miles south of Roe Point in Behm Canal. The mineral deposits 
at this point are situated within the metamorphosed schist-gneiss 
l)elt which flanks the Coast Range granite on the west and strikes 
ordinarily parallel to the shore line and dips at steep angles north- 
east or southwest. In the vicinity of this claim calc-mica schist and 
quartz-mica schist predominate, while farther north typical gneiss 
occurs. Dikes and bosses of granite intrude the complex at many 
points and are of the general Coast Range type of granodiorite. 
Two hundred paces south of the tunnel two such dikes of gianodioritc 
10 and 20 feet wide invade the schists and may bear a possible genetic 
relation to the ore body. The ore body consists of a mineralized belt 
or bands of calc-mica schist and is characterized by a well-marked 
slipping plane with gouge above its foot wall. The sulphide ore 
consists of pyrite, pyrrhotite, and chalcopyrite and is said to carry 
low values in gold and silver. Quartz, muscovite, and calcite 
constitute the gangue and are often stained brown and red by fer- 
ruginous weathering products. The claim is well located in respect 
to timber and transportation, and, although the values are not suffi- 
ciently high to warrant predictions of future production, the location 
near the Coast Range contact is unique for this region. This deposit 
was discovered in 1898 and has thus far been developed by 100 feet 
of tunneling and crosscutting, the mouth of the tunnel being located 
alx)ut 10 feet above the high-tide water mark. Only the annual 
assessment work has been done. 

INUK BIVEB PBOSPECTS. 

Unuk River, one of the few large streams in southeastern Alaska, 
is very difficult to navigate even in a small boat. It rises about 55 
miles from the head of Burroughs Bay, in Behm Canal, and traverses 
the entire granite portion of the eastern Coast Range. A low divide 
connec'ts its head with a branch of Tskut River and thus serves as an 
east entrance way into the interior of British Columbia. 
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25 or 30 miles of the river drain the schist-argil lite belt lying east of 
the Coast Range granite, which is characterized along its entire extent 
from British Columbia to the Skagway district by good silver and 
gold bearing v^eins. At the head of Portland Canal, on several of 
the Stikine River tributaries, especially Clearwater River, in the 
Atlin district and still farther north, this belt is known to carry 
both placer deposits and quartz ore bodies. It has long been known 
that similar deposits occur in the Unuk River region, and recently 
a company began the construction of a wagon road from salt wat^r 
along the northwest bank of Unuk River to a group of claims 42 
miles inland across the boundary in British Columbia territory. 
Both placer and quartz claims have been located and will probably 
become ore producers as development proceeds. Now that access to 
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Fir.. 21. — Sketc!» map showing positions of prospects on Unuk River and near the Inter- 
national boundary line. 

the region has been made possible by the road, it is to be expected 
that during the coming season many prospectors will avail themselves 
of the opportunity to visit it and give it a thorough test. This field 
is not described in detail, because its mineralized belt, like that lying 
inland from the head of Portland Canal, appears to l)e entirely on 
the Canadian side of the boundary (see PI. II and fig. 21).« 

SILVER, LEAD. AND ZINC MINES. 
GENERAL PERCBIPTION. 

Deposits of silver, lead, and zinc ores are not plentiful in either 
the Ketchikan or the Wrangell districts. In only three localities are 
such being developed, and the ore production from these has betni 
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slight. Silver occurs in its sulphide form, usually associated with 
galena, and many specimens assay from 16 to 20 ounces per ton in 
silver.* It is also present in amounts varying from one-fifth ounce 
to 3 ounces per ton in the copper ores. The total production of 
silver in 1906 from these ores was $18,000. In the gold ores its con- 
tent is more variable and is dependent upon the amount of gold pres- 
ent, the ratio being approximately 2 ounces of silver to 1 ounce of 
gold. Lead occurs entirely in the form of galena and has been mined 
in small quantities from the properties on Coronation Island and the 
Moonshine property in Cholmondeley Sound. It is also present in 
the gold ores and rarely in the copper ores, but in such ores the lead 
content is of no value. Zinc is not known to occur in this region in 
conmiercially valuable amounts, and, though present to the amount of 
5 to 10 per cent in some of the ores, its content is in most cases a detri- 
ment as it renders smelter treatment more difficult. 

SOUTH ABU OF CHOLHONDELET ROUND. 

MOONSHINE GROUP. 

Situation and development. — This property includes several claims 
and lies west of the South Arm of Cholmondeley Sound, about IJ 
miles from tide water on the crest of the mountain ridge, at an eleva- 
tion between 2,000 feet and 2,400 feet (see fig. 16). In 1906 these 
claims were located as the Moonshine group, and early in the spring 
were sold to the Alaska Galena Company. Developments were begun 
hy this company in August, 1906, and in November were suspended 
for the winter. During 1907 operations were in progress from May 
until November. 

The ore body has been developed by a shaft on the crest of the ridge 
100 feet deep, and 550 feet to the west by a drift tunnel 200 feet in 
length, which is being driven to connect with the shaft at a point 225 
feet below the surface. Besides the mine development considerable 
work has been expended on a horse trail from the beach to the mine, a 
distance of 2 miles. 

Ore body, — ^The Moonshine vein, as it is called, occupies a well- 
defined fissure, cutting obliquely across limestone and schist country 
rock and traversing the top of the mountain ridge. Where it cross- 
<-uts the limestone it is apparently a replacement deposit, varying 
from a few inches to several feet in width and carrying considerable 
galena associated with quartz, siderite, and calcite, though where the 
schist forms the inclosing walls the vein is smaller and is in many 
places represented by a narrow gouge seam. The country rock strikes 
nearly east and west and dips north at steep angles, whereas the 
vein strikes N. 65® W. and has a vertical dip. In this vein deposit 
the mineral occurs irregularly, the ore being found in small scattered 



« See p. 88. 
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masses or bunches. Besides the galena a small amount of sphalerite 
and chaleopyrite is present, and silver values amounting to many 
ounces per ton occur in the ore. Very little surface alteration or 
secondary enrichment was observed, and where present it extencfebut 
a few feet in depth. Diabase dikes from 1 foot to 6 feet in wWtth 
crosscut both the country rock and tlie ore body. 

»BOUI«DHO€i AND GLACIER BA8UIK. 

General description, — These groups of claims are located on the 
mainland about 14 miles due west of Wrangell and are reached bj' 
trails starting from Eastern Passage and leading around Mill Lake, 
which occupies a basin 3 miles long, to Groundhog and Glacier basins, 
about 8 miles from tide water (see PL III and fig. 22). The ore 




Pica. 22. Sketch map showing location of Groundhog Basin and Glacier Basin prospects. 

bodies occur in a slate-schist belt, which is included between the main 
(^.oast Kange granite mass and an outlying granite belt averaging 1 to 
3 miles in width and is intrusive approximately parallel to the bed- 
ding planes of the adjacent rocks. The total thickness of the included 
slate-schist belt is about 6,000 feet. Its N. 35° W. course is indicated 
on the general map, the dip varying from 30° to 60° NE., into the 
mountains. The entire l)elt is considerably mineralized and may ho 
recognized by its red color, which is due to the oxidation of the 
sulphide minerals. This belt is penetrated by parallel and cross- 
cutting acidic porphyry and aplitic dikes, along which the ore deposits 
are usually found. These dikes are younger than the granite Rnd 
older than the basaltic dikes that occur here. Near the Coast Range 
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granite contact the metamorphism of the schists is more intense tha« 
farther west, and at these points gneissoid rocks prevail. The degree 
of mineralization, however, is greater, and the aplitic and porphyry 
dikes are more numerous nearer the western intrusive granite. The 
claims which have been located in this belt are mostly above timber 
hne and not easily accessible at present, as transportation facilities 
are lacking. 

Glacier Basin grottp, — Glacier Basin, a rock-rimmed basin pro- 
duced by glacial erasion (fig. 22), standing 2,100 feet above sea 
level, is reached by a trail 7 miles in length from Mill Lake. At the 
head of the basin Nelson Glacier still exists as evidence of the former 
ice sheet and is slowly retreating up the mountain cliffs. The claims 
of this group are located on the north side of the basin within the 
slate-schist belt and have been developed chiefly by two short drift 
tunnels and surface cuts. The rocks are practically bare, and the 
veins can be traced directly up the mountain slopes for long distances, 
varj'ing from 4 to 20 feet in width, occurring unusually near or in the 
intrusive aplitic or porphyry dikes. The veins are heavily mineral- 
ized with galena, zinc blende, pyrite, and chalcopyrite. The values 
are in gold and silver and are only of fair average. The transporta- 
tion difficulties are at present a very important drawback to these 
claims from a mining standpoint. 

Georgia group, — The Georgia group of two claims is located on the 
south side of Glacier Basin on a vein parallel to the schistosity of the 
inclosing rock and similar in character to the Glacier Basin deposits 
though not so large. The developments on this group have been very 
slight. 

Groundhog Basin group. — This property is located northwest of 
Glacier Basin in the same mineral belt and is reached by trail from' 
Mill Lake about 4 miles in length (see fig. 22). The actual work- 
ings are located at. 2,100 feet elevation on the north side of a steep 
gulch tributary to the main valley, at which point they can be ob- 
served at the contacts of the intrusive porphyry dikes in the slate- 
schist belt. Surface oxidation has colored the veins dark red, so that 
they are visible from long distances and can be easily traced. xVt 
the Groundhog Basin group the vein is 6 feet and more in width, be- 
ing heavily mineralized with galena, zinc blende, and pyrite. It has 
been exploited by two open cuts and short tunnels. The assay values 
are reported to be of only fair average. The persistence of these 
veins along the strike argues well for their continuation in depth. 

Margery group, — The Margery group is located at an elevation of 
1J>00 feet on the west slope of the mountain spur which separates 
Glacier Basin and Groundhog Basin valleys and is more favorably 
situated for mining than most of the properties in this area (see 
fig. 22). At one point is a lode deposit consisting of quartz stringers 
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1 foot to 5 feet wide following a definite zone parallel to the inclosing 
scliist and near the contact of a large intrusive granite mass. Several 
open cuts and short tunnels expose this lode along its strike. To the 
northeast of this on the same claim is an open cut exposing a 12-foot 
vein rich in galena and similar in character to the other veins in this 
area. Mineralization is usually heavy, especially in galena, l)esides 
which sphalerite, chalcopyrite, native silver, cerusite, and linionite 
occur in varying amounts. The values are reported good, especially 
in silver. 

CORONATION ISLAND PB08PECT8. 

General description. — Coronation Island, which includes an area 
of 30 square miles, is one of the seaward islands which lies at the en- 
trance to Sumner Strait 35 miles southwest of Shakan. * Geograph- 
ically it is made up of Paleozoic limestone and schist, which are in- 
truded by a granite mass (see PL I). Discoveries of galena on this 
island were made in 1900 by sailors who were driven into Egg Har- 
bor, on the northwest end, by a storm. These men found galena 
float on the west shore of the harbor and at points from 700 to 1,0(X) 
feet elevation deposits of the ore in place. They prospected these to 
some extent and in 1902 the Coronation Island Mining Company was 
formed, which has continued operations in a small way since that 
time. Three tunnels have been driven on three separate ore bodies: 
No. 1 at 980 feet elevation and 162 feet long; No. 2 at 860 feet eleva- 
tion and 510 feet in length: No. 3 at 700 feet elevation and 110 feet 
long. Over 100 tons of the ore have been mined, sacked, and shipi)ed 
to the smelter from this locality. 

Ore bodies. — The ore deposits are narrow, irregular masses of 
galena ore in a limestone country rock, and few exceed 20 feet in 
their greatest dimension, but at the lowest tininel an irregular vein 
deposit containing small pockets of galena ore is exposed. At tunnel 
No. 1 the ore body, which is exposed at the entrance, is 8 feet 
wide, 8 feet by 12 feet in length, and about 18 feet in depth, the con- 
tinuation of the tunnel exposing practically no ore. No. 2 tunnel 
has been driven along slipping planes in the limestone having a gen- 
eral N. 80° W. strike with nearly vertical dip. At a point 296 feet 
from its mouth there is a short crosscut to the north, from which a 
10-foot raise has been extended along a galena lx)dy 3 feet wide by 
15 feci in length and depth, following along one of the slipping 
planes. Just l^eyond this point a second crosscut has been driven, 
in which an altered diabase dike 5 feet in width was observed follow- 
ing the same trend of the slipping planes, but having no apparent 
connection with the ore deposits. The ore body shown in the lowest 
or No. 3 tunnel varies from 1 foot to 4 feet in width and has been 
followed for 100 feet in length. Here the hanging wall is well de- 
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fined by a slipping plane, but the foot wall often merges into the 
limestone country rock and is but poorly defined. The ore occurs 
in small scattered pockets, the largest having been opened by a raise 
00 feet from the tunnel entrance. Besides galena the sulphides, 
tetrahedrite and sphalerite are present in the ores, and near the 
surface limonite, cerusite, and smithsonite were noted. 

BUILDING STONES. 

GENERAL STATEMENT. 

The recent developments and increasing production from marble 
quarries on Prince of Wales Island have shown that building stone 
Is an important resource of this region. Other structural materials, 
saich as granite, gypsum, cement^ and clay deposits, are also widely 
distributed along this coast. Little consideration has been given to 
these nonmetallic products of this Territory, and the increasing use 
of such materials in the United States demands a more thorough in- 
vestigation of these resources. Though distant from the market, 
many large deposits of structural material are well located for 
quarrying and for transportation by water. 

The only stones of value in southeastern Alaska, so far as known, 
are the marbles and granites. The market for these stones is in the 
cities along the Pacific coast of the United States, GOO to 1,000 miles 
dii^tant. They must, therefore, be of more than ordinary quality 
to bear the expense of freight, as good stone is found in the vicintiy 
of most large cities, and builders, as a rule, prefer to use a known 
nick which is near at hand »nd can be readily obtained. 

To place the Alaskan product on the market, it w ill be nect»ssary 
to establish supply stations, with dressing and cutting plants, in the 
larger seaboard cities, where cheaper and more efficient labor may be 
obtained than in Alaska. To supply these points, the rough granite 
and marble could be transported in hulks or barges carrying several 
thousand tons at a low freight rate, and the necessity of careful 
handling during the shipment would be avoided. 

To determine the structural value of a building stone, microscopical, 
chemical, and physical tests should be made. This is more necessary 
for marbles and cement stone than for granite. Most university 
laboratories are equipped for such tests and will make them at a 
reasonable cost. 

MARBLE. 
DISTRmUTION. 

Beds of marble are known to occur at points along the mainland 
portion of the Ketchikan and Wrangell districts as well as on many 
of the islands. They are invariably at or near the contact of an in- 
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tnisive belt of granodiorite, which has been one of the principal 
factors in metamorphosing the original limestone beds to their present 
crystalline or marbleized condition. The age of the limestone beds 
is Paleozoic, and only in a few places could a more definite determina- 
tion be made. The largest deposits of marble under development 
are at the northwest end of Prince of Wales Island near Shakan and 
on Ham Island south of Wrangell. 

N K( ESS AR V Ql A LITl ES. 

Commercially marble includes all limestone rocks susceptible of 
receiving a good polish and suitable for ornamental work. It is not 
a simple matter to judge the value of a marble deposit, and this cun 
not be done from mere tests of small samples, which, nevertheless, 
may often give significant results. Some of the more important 
factoi-s governing the value of a body of marble are the quality and 
soundness of the stone as a whole, extent of the deposit, absence of 
fractures or joint planes, color, lack of objectionable impurities, such 
as silica, pyrite, and bitumen, facility of extraction, and location of 
the deposit relative to the market and transportation. 

COMPETITIVE DISTRICTS. 

Most of the marble used in the western cities for monumental and 
interior decorative purposes is furnished by eastern dealers and must 
be shipped across the continent. This is mainly the product of the 
Vermont and Tennessee quarries or is imported from Italy. Stevens 
County is the only producing locality in the State of Washington; 
there are none in Oregon, and but two of importance, tlie Inyo and 
Columbia quarries, in California. The total value of the marble pro- 
ducticm for 1905 from these localities was less than $150,000. This 
product is sold in a rough state at $1 to $2 per cubic foot, and dressed 
for ornamental or monumental purposes at $2 to $8 per cubic foot. 
Cut in slabs 1 inch to 2 inches thick and polished on one side, the 
retail price varied from $0.50 to $1.50 per square foot. The eastern 
and foreign marbles sold for higher prices. 

DESCRIl*TlON or UXALITIES OF OCCLRRENCE. 
rBIMK OF WALKS INLAND. 

ALASKA MARBLK COMPANY. 

Situation and development, — The properties of the Alaska Marble 
Company are situated on Marble Creek a few miles north of Shakan, 
bordering the coast for 2 miles in length and over half a mile in 
width (see fig. 23). They are located upon a belt of Devonian lime- 
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stone about 3,000 feet in width flanking the west side of an intrusive 
granite mass, which forms the low mountain ridge to the east and 
which is evidently the direct cause of the alteration of the limestone 
to marble. This deposit was first discovered in 1896 and finally 
located in 1905, the first work being done along the exposures in the 
creek bed one-half mile from the shore. From 1900 to 1904 prospect- 
ing was extended up the hillsides and drill holes sunk to ascertain the 
quality of the product in depth. Early in 1904 the Alaska Marble 
CJompany was incorporated and developments on a large scale were 




Fig. 23. — Sketch map showing marble quarry and locations of Alaska Marble Company. 

immediately begun. At present the plant consists of a wharf 
equipped with derricks, a gravity railroad to the quarry 3,200 feet in 
length, necessary channeling and gadding machines, and various 
buildings. At the quarry, located on the south side of Marble Creek 
at an elevation of 100 feet, an area 100 feet by 200 feet has been 
stripped and quarried to an average depth of 60 feet measured on the 
mountain side (PL XII, ^4). A test shipment of 100 tons was made 
in 1902, but actual production did not begin until early in 1906. The 
40840— BuU. 347—08 13 
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marble is now being placed on the market in the cities along the Pa- 
cific coast. The manufacturing plant of the company is located at 
Tacoma, Wash. 

The marble deposit, — The extent of the marble deposit at this local- 
ity has been investigated at a number of points on the surface by open 
cuts and trenches and in depth by 18 drill holes and at all of these 
places marble usually of good quality is exposed. As above noted, 
the marble belt is approximately 3,000 feet in v^idth striking in a 
northwesterly direction and dipping to the southwest. It is limited 
on the northeast by an intrusive granite mass and on the southwest 
by the shore line. To the south it crosses the entrance to Dry Pass, 
but just back of Shakan it is cut off by a granite mass, while to the 
northw^est it extends into the channel and reappears at the entrance 
to Calder Bay, extending northward and overlying beds of con- 
glomerate. Along the shore exposures and at the quarry small dikes 
of diabase, striking northeasterly and much altered and faulted, were 
observed intersecting the marble- beds. Apparently these dikes ante- 
date the metamorphism of the limestone and therefore the intrusion 
of the granite. They are, however, but a foot or two in width and 
not sufficiently numerous to affect the value or expense of quarrying 
the marble. In the present opening at the quarry only one dike is 
exposed. Both surface cracks and slipping planes are present in the 
surface exposures of the marble, but in depth these are less numerous 
and will not materially interfere with quarrying (see PI. XII, B). 

Three distinct varieties of marble are found — pure white, blue- 
veined with white background, and light blue, often having ia mottled 
appearance. The pure white, which has a finely crystalline texture, 
is the most valuable. All of the marble is free from silica and flint 
beds common in most quarries, and though thin seams of pyrite were 
observed they do not occur in a quantity detrimental to the stone. 
The following chemical analysis of the white marble was made by 
E. F. Lass for the Alaska Marble Company : 

Chemical analysis of tchiie marble from Marble Creeky Prince of Wales Island^ 

Alaska. 

Insoluble matter 

Oxide of iron (FojOa) 81ighttrace. 

Sulphuric anliydride (SO3) Trace. 

Lime (CaO) 55.59 

Magnesia (Mg<)) .30 

Carbon dioxide (CO2) 43.67 

tJndeterniineil .44 

Total 100.00 

Calcium carbonate (CaCOa) 99.26 
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A. MARBLE BLOCKS READY FOR SHIPMENT, QUARRIED FROM MARBLE CREEK DEPOSITS. 



MARBLE QUARRY WORKINGS OF THE ALASKA MARBLE COMPANY, 3 MILES NORTH OF 
SHAKAN. ON PRINCE OF WALES ISLAND. 
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A qualitative test for magnesia in a sample collected by the writers 
was made by Dr. George Steiger, of the United States Geological 
Survey, who reports a content of less than 1 per cent. 

To determine the crushing strength of the stone the Alaska Marble 
Company submitted samples to N. H. Winchell, State geologist of 
Minnesota, who reports an average strength of 10,521 pounds per 
square inch, a strength ample for all building purposes. Though 
not equal to the best Italian grades, this marble is better than most 
American marbles, and in the market will compete on at least equal 
terms with the product of Vermont, Georgia, and Tennessee. 

Method of quarrying, — At the quarry it was first necessary to 
remove the uppermost layers of the more or less fractured marble. 
This was done by channeling machines, a method which is preferable 
to blasting, as it does not injure the massive rock in depth. The 
machine used is mounted with " donkey " engine on a truck and cuts 
a channel 2 inches in width at a rate of 7 to 8 square feet per hour. 
These channels are extended to a depth of 4 feet and are made at 
intervals of 4 or 6 feet in one direction and at intervals of 6 feet at 
right angles so as to form blocks 4 to 6 feet by 6 feet in surface area 
and 4 feet in depth. These blocks are undercut by gadding machines, 
in which a drill is set so as to drill a series of holes under the block, 
and in these holes wedges are driven and the block is freed from its 
base. It is then lifted by a derrick to the car on which it is carried to 
the wharf. The blocks contain from 96 to 144 cubic feet of marble 
and weigh from 7i to 11 tons each, the dimensions depending on the 
handling capacity of the machinery (PI. XII, .1). The larger part 
of the marble product is shipped in the rough state to a sawing and 
polishing plant at Tacoma, where it is prepared for the market. 
Small shipments have also been made to Chicago, Milwaukee, St. 
Louis, Cincinnati, and other points for trial tests. 

EL CAPITAN MARBLE COMPANY. 

The property of the El Capitan Marble Company is situated on the 
eastern side of a low mountain range 5 miles due east of the Alaska 
Marble Company's quarly and on the north side of Dry Pass. These 
locations, including ten claims, were first made in 1901 and were sold 
to the El Capitan Marble Company in 1903. Except for a small 
amount of assessment work, operations were not begun until April, 
1904. During that year a quarry consisting of a pit 12 feet deep was 
opened on a marble deposit close to tide water, a channeling and gad- 
ding machine was installed, and a cutting plant operated by steam 
power was erected. Some marble was quarried and shipped to 
Seattle at the close of the year, but since that time operations have 
been suspended. 
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The marble deposit flanks the eastern side of the granite mass rep- 
resented on the geologic map, and from its relative position and gen- 
eral character is similar to the Marble Creek deposit farther west. 
The marble belt is exposed at tide water and forms high bluffs at 
200 to 400 feet elevation one-fourth mile back from the shore. In 
these bluffs it has been prospected by trenches and open cuts. Several 
diabase dikes crosscut the marble beds. The dikes are faulted and 
show in many places several, feet of displacement, though this 
faulting as well as the intrusion of the dikes probably occurred pre- 
vious to the metamorphism of the original limestone beds, as no trace 
of the fault planes could be seen, and the dikes themselves were much 
altered and sheared. The marble as exposed in the quarry is not 
of so good quality as that from the Marble Creek property, being less 
firm and more coarsely crystalline. Surface cracks and fracture 
planes are present in the surface exposures, but in the bottom of the 
pit these features are less pronounced. 

MARBLE ISLAND. 

Marble Island, a low wooded area of 9 square miles, Ls one of the 
larger islands in Davidson Inlet and lies 10 miles due south of Sha- 
kan, though by water it is nearly 30 miles distant. On the northwest 
side of this island marble was first discovered in 1899, and in 1903 
a niunber of claims were located over this portion of the island and 
a small amount of stripping was done. Samples of this marble were 
quarried for test purposes and several varieties of good quality 
obtained. The total developments have not exceeded the assessment 
requirements. 

The marble deposit is exposed in a cove on the northwest side of 
the island, and at 100 feet elevation, a half mile from the shore, it 
has been worked by an open cut. A considerable area is underlain 
by marble, though little is known of its extent or value. Along the 
eastern shore of the island an area of granitic intrusive rock was 
noted. 

AMERICAN CORAL MARBLE COMPANY. 

General description, — The properties of the American Coral Marble 
Company are located at two localities — (1) at the head of North Arm, 
where twelve claims have been located along the north shore of the 
Inlet, and (2) at the north entrance to Johnson Inlet, where the com- 
pany has several claims extending from Dolomi eastward to Clarence 
Strait (see PL I). The principal developments have been made at 
the North Arm property, and at this point a post-office named Bald- 
win has been established. Active work at this locality began in 1904, 
and the marble deposits were prospected during that year. In 1905 
a wharf was built, machinery installed, and buildings erected pre- 
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paratory to quarrying the marble. During 1906, however, practi- 
cally no work was done, and all of the machinery was removed in 
1907. At the Dolomi property a small quarry was started on the 
hillside, at a point a quarter of a mile northeast of Dolomi post- 
office and a few hundred feet from tide water on the Clarence Strait 
side, and buildings were erected. No operations were in progress at 
these localities during 1907. 

Marble deposits. — The deposits at North Arm and at Dolomi con- 
sist of marble beds interstratified with chloritic and calcareous schists, 
striking northwest with steep dips usually southwest. The surround- 
ing area is mantled by a dense growth of vegetation, and the limits 
of the deposits have not been definitely determined, though where 
the marble is exposed it is much fractured, variable in color and com- 
position, and intersected by a few narrow dikes of diabase. The 
fracture planes were probably, formed principally during the period 
of tilting and folding of the beds and existed before erosion exposed 
the present surface outcrops. Since that time weathering has accen- 
tuated and to some extent increased the number of fracture planes, 
and it seems probable, however, that in depth these planes, although 
potentially present as lines of weakness, will become less numerous 
and will not interfere greatly in quarrying. 

Although some parts of the deposits consist of pure white, fine- 
grained marble of excellent quality, other parts are poorly colored, 
coarse-grained, and of little commercial value, and it will probably 
be difficult to obtain large quantities of uniform grade. The better 
grade is reported to give the following analysis : Calcium carbonate, 
04 per cent; alumina, 3.9 per cent; silica, 1,4 per cent; magnesia, 0.7 
per cent. Pyrite is also present in small amounts, occurring in thin 
j«ams and finely disseminated in some of the marble. 

RETILLAGIGEDO ISLAND. 

A well-defined limestone belt traverses the eastern portion of Re- 
villagigedo Island in a northwesterly direction and is exposed in 
Thorne Arm, Carroll Inlet, and George Inlet (see PI. II). Its 
widest development is on the north side of George Inlet, near the 
head, where marble claims known as the Bawden group were located 
in 1904. The deposit is included in the crystalline schist near the 
contact with the less-altered slates to the southwest. The marble 
beds range from 10 to 20 feet in width and are separated by strata 
of calcareous schist. Their strike is northwest and their dip northeast. 
The marble is exposed in cliffs near tide water and is of good quality, 
being relatively free from fracture and joint cracks, finely crystalline, 
and from white to gray in color. No large developments have been 
started on this property. 
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In Carroll Inlet, to the southeast, claims have also been located on 
the same belt, but at this locality the deposit is not so extensive as 
in George Inlet. 

HAH ISLAND. 

Ham Island lies at the junction of Blake Channel and Bradfield 
Canal, 25 miles southeast of Wrangell (see PI. III). It is about a 
mile and a half wide and consist^ largely of crystalline limestones 
with interstratified beds of calcareous schist striking X. 35° W. and 
dipping 75° NE. Intrusive dikes of basalt are common, and across 
the narrow channel on the mainland and on Wrangell Island wide 
belts of granite intrude the limestone and schist beds and have prob- 
ably induced the present crystalline texture in the limestone and thus 
formed the marble. 

Two distinct varieties of marble are found — one fine grained and 
pure white, the other very coarse grained ajid pale blue. Several sys- 
tems of joint planes traverse the deposits, but the joints are widely 
separated and will not interfere greatly in quarrying. Checks or sur- 
face cracks are practically absent, and wide areas of massive marble 
have been found directly underneath the soil. Much of the marble 
appears to be free from impurities. 

Two groups of claims have been located on this island — the Wootl- 
bridge-Lowery group on the west side and the Miller group on the 
east side. On the former the marble quarried is principally of a 
white, finely crystalline variety, but at the Miller property the 
deposit, exposed in a bluff 40 feet high and 100 feet long, is of a 
coarsely crystalline texture and a bluish color. On both of these 
properties considerable exploratory work has been done, and large 
blocks of the marble have been quarried, and from these tombstones 
and small blocks have l>een chiseled and polished for local use. 
The properties are favorably located both for quarrying and 
transportation. 

GRANITE. 
DISTRIBUTION. 

The granitic intrusive rocks occupy al)Out one-half of the aggregate 
land area of the Ketchikan and Wrangell districts (see PI. I). In 
composition they range from granite to granodiorite or to quartz or 
hornblende diorite. The core of the Coast Range, as well as the cen- 
tral portion of many of the islands, is comix)sed of this intrusive 
rock. The metamorphism in the granite, its nonuniformity in color, 
and the presence of joint cracks, so far as observed, make most of the 
stone undesirable for building purposes. However, granite masses of 
good quality, uniform in color, and favorably located for purposes of 
quarrying, were observed along the mainland up Portland Canal, in 



Digitized by 



Google 



GRANITE. 199 

Behm Canal, and at Thomas Bay. On the islands numerous granite 
stocks occur, portions of which are of massive and uniform texture, 
though in these stocks are many segregations of the femic minerals, 
and pyrite is present in many places, rendering the rock less desirable 
for building purposes. 

CHARACTERISTICS." 

All the granite masses in this region are similar in composition, 
having plagioclase feldspar as an essential constituent. Hornblende 
is the usual dark mineral, though biotite mica is present in much 
of the rock and in a few places exceeds in amount the hornblende. 
Quartz is commonly present, though usually in small amounts. The 
accessory components are apatite, titanite, and magnetite; secondary 
minerals, due to general metamorphism, are sericite, epidote, zoisite, 
chlorite, and calcite. Petrographically much of the rock is related 
more closely to the diorites than to the granites and is usually re- 
ferred to as a diorite. 

The prevailing color is light gray, and in only a few places were 
pink or reddish masses observed. The grains of the component min- 
erals are ordinarily of medium «ze, not varying greatly in the differ- 
ent localities. Evidence of the durability of the granite is afforded 
in many places where long exposure to the influence of weathering 
has caused little or no disintegration of the surface. 

MARKET. 

No attempt has yet been made to quarry or even investigate the 
Alaskan granite. There is practically no market in Alaska for the 
stone, and along the Pacific coast to the south the demiand has been 
supplied by the quarries in the States of Washington, Oregon, and 
California. 

The long haul necessary to reach the market appears at first un- 
favorable to granite quarrying along this portion of th6 northwest 
coast, but the present freight rate of less than $3 per ton to Puget 
Sound is not greater than the cost of transportation from some of 
the quarries in California to the larger cities. The cost of quarrying 
the stone is estimated at 40 cents per cubic foot, and the proportion 
of marketable rock obtained from the amount quarried is about 60 
per cent. 

The value of the production of granite from the States along the 
west coast amounted to nearly $1,000,000 in 1905. The average sell- 
ing price per cubic foot for building purposes at the quarries in 
the coast States in 1906 was as follows: Rough, $0.85; dressed, $2.35; 
for curbing, $1. For monumental purposes the stone sold for $1 to 
$2 per cubic foot rough and for $3 to $6 per cubic foot dressed. 

•The characteristics of the granitic intruslves are describ^^d In detail on pp. 61-69. 
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The prices do not include the cost of transportation from the quar- 
ries to the cities, which is from $0.50 to $3 per ton. This adds from 
5 to 30 cents to the cost per cubic foot. 

CEMENT. 

There are several kinds of cement, the principal kinds being Port- 
land cement and natural cement. Portland cement is produced by 
burning a finely ground artificial mixture containing essentially lime, 
silica, and alumina in certain definite proportions. Usually this 
combination is made by mixing limestone or marl with clay or shale, 
and in such a mixture should contain about three parts of the carbon- 
ate to one part of clayey material. Natural cement is the product of an 
impure limestone containing from 15 to 40 per cent of silica, alumina, 
and iron oxide. Calcareous and argillaceous rocks suitable for ce- 
ment making are relatively scarce in the Ketchikan and Wrangell 
districts. They are metamorphosed, usually containing mica and 
some pyrite, and are not sufficiently fine grained to be of value. At 
only one locality — Long Island in Kasaan Bay — have rocks of this 
sort been located for the manufacturePof cement. Here beds of lime- 
stone and siliceous shale are exposed around the shores of the island 
and are apparently of a quality suitable to make cement. The dispo- 
sition of this product will, however, be confined to the local market, 
as it can not now be profitably shipped to compete with the cement 
manufactured along the Pacific coast. The reason for this, in the 
first place, is the high cost of the fuel necessary for its manufacture. 
The difficulty in obtaining efficient and cheap labor, as compared with 
the labor of the Puget Sound area and California, must also be con- 
sidered. The long haul necessary to reach the market is unfavorable 
to such an industry. To ship the cement rock as mined to a cement 
factory established somewhere near the point of coal supply and near 
the market would be the most feasible plan, but this would bring 
little or no profit, as vast areas of cement rock are exposed near all 
the larger cities and can supply the cement plants along the coast 
for many years to come. 

MINERAL. AND THERMAL. SPRINGS. 

Cold mineral springs have been found at (1) St. John Harbor, 
on Zarembo Island, (2) at several points near Eddystone Rock, in 
Behm Canal, and (3) up Unuk River. 

At Zarembo Springs the water contains considerable carbon diox- 
ide with various mineral salts, which lend to it an agreeable flavor. 
The point of outflow, which is covered at high tide, has been incased 
and a small wharf built over it. The water forces itself up through 
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a pipe, from which demijohns and barrels are filled and shipped 
to Seattle, where bottling works have been established. 

In Behm Canal the principal spring is situated on the east side 
of Revillagigedo Island, opposite Eddystone Rock. The waters 
emerge from fracture cracks in a banded schist complex cut by peg- 
matite dikes. The flow at this point is greater than a£ Zarembo 
Springs. Carbon dioxide and a small percentage of sulphureted 
hydrogen are present in the water, the latter giviiig it a disagreeable 
odor. Small shipments have been made from these springs for the 
local trade. 

On the north bank of Unuk River, about 20 miles from the mouth 
and 2| miles below the international boundary, a strongly carbon- 
ated spring flows from a fissure in the granite. Its temperature is 
7° C. (44° F.) and the daily discharge about 1,000 gallons. With 
good transportation facilities this spring should prove valuable. 

Thermal springs occur at several points in southeastern Alaska 
and have been found by experience to possess medicinal properties 
of great value to sufferers from rheumatism and other ills resulting 
from exposure. The Indians were the first to appreciate the healing 
power of the springs and made use of them long before the invasion 
of the white men. Of late years cabins and bath houses have been 
built at several of the springs for the accommodation of visitors. 
Southeastern Alaska, however, is not an ideal summer resort, owing 
to the excessive rain, and the springs can not be so valuable commer- 
cially as those in more favored districts. 

The springs occur without exception within intrusive granite belts 
and issue from fracture planes. In temperature they range from 65° 
C. (150° F.) to 95° C. (203° F.). They are extremely variable in 
composition, and on cooling precipitate various minerals, forming 
crust deposits. The rate of discharge is not the same for different 
springs, and varies, probably, from several hundred to 1,500,000 
gallons per day. One of the hottest springs is located near Bailey 
Bay, Behm Canal, in the Ketchikan district. The water at this point 
issues from a fissure in the granite in the form of a jet 15 inches high 
and 1 inch in diameter. On Bell Island, just west of Bailey Bay, 
and on the north side of Unuk River, 6. miles from its mouth, are 
similar hot springs, which are frequently visited. The spring with 
the greatest flow is situated opposite Great Glacier, on Stikine River, 
above the international boundary, and serves the inhabitants of the 
Wrangell district. Definite analyses and temperatures of the various 
waters could not be obtained. 
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FUTURE OF THE DISTRICTS. 

Although a greater or less concentration of copper and gold occurs 
at various points in the Ketchikan district, there is little to indicate 
that deposits of much higher grade or greater extent will be found 
than those at present mined. Large areas still remain unprospected, 
and within these future explorations will probably reveal ore bodies 
comparable with those now known. The extent of the copper-bearing 
masses is possibly the most important question to be settled. That 
outcrops may fail altogether to indicate the value of ground under- 
neath has been shown at several localities, and that the occurrence of 
the ore is often in limited masses which can be mined out in a short 
space of time is shown at several mines, though at these localities 
advanced developments invariably reveal new ore bodies. Under 
exploitation on the scale being advanced in this district the problem 
of new ore reserves must inevitably come to the front, and the search 
for new ore bodies should be vigorously continued by both prospector 
and mine operator. Such investigations have been satisfactorily 
extended in the ore-bearing rocks by the use of diamond-drills, which 
are especially adapted to the search of such scattered ore masses. 

Under existing conditions, with the price of copper at 15 cents per 
pound, it is not possible to mine profitably ore containing less than (>() 
pounds of copper per ton and the usual gold content of from 75 cents 
to $1.25 per ton. However, ore containing as low as 40 pounds of cop- 
per per ton was mined and shipped at a profit early in 1907, when cop- 
per was at a market value of 25 cents a pound. The present mining 
costs average from $1.50 to $2 per ton, including haulage to the 
wharf; transportation to the smelters at Tacoma or in British Co- 
lumbia costs from $1.50 to $2 per ton, depending upon the tonnage 
shipped ; smelting charges are from $3 to $5 per ton, including the 
losses in treatment. If the ore is smelted in Alaska, transportation 
is somewhat reduced, though the smelting charges are necessarily 
increased, as the coke required must be shipped to Alaska and the 
copper matte or smelter product must be shipped south to Puget 
Sound. 

In some of the copper mines, as on Kasaan Peninsula and near Sul- 
zer, are huge bodies of magnetite containing from 1 to 2 per cent of 
copper per ton, which can not at present be extracted with profit as a 
copper ore. It is possible, however, that, with the introduction of 
a method of concentration by fine gi-inding and magnetic separation, 
such an ore may also be mined to advantage, especially if the mag- 
netite can be sold as an iron ore. It is noteworthy that the magnetite 
is practically free from phosphorus, c(mtains very little sulphur or 
other impurities, and could l)e placed on the market as a " Bessemer 
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ore." The mines and prospects on Kasaan Peninsula alone have 
revealed a large tonnage of magnetite ore. 

Gold ores which are favorably located and in which the greater 
percentage of the value is free-milling can be profitably mined with 
a gold content of $3 to $10 or more per ton, according to the magni- 
tude of the ore body. 

The rapidly increasing output from the copper mines on Prince of 
Wales Island and the recent discoveries of copper-bearing deposits 
have brought the Ketchikan district well to the front as a copper- 
producing area. Little can be said regarding the future of the mines 
and prospects in the Wrangell district, as their output has been slight. 
Copper, gold, and silver-lead deposits are being exposed at several 
localities, some of which give promise of becoming future metal 
producers. 
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Massachusetts claims, description of 148-149 

Melville claim, description of 155-156 

Mesozolc rocks, deposition of 75-77 

description of 43, 57-58 

fossils of 57 

Intrusion of 75-76 

Metamorphism, description of 66-68 

Metlakatla, Indians at 179-180 

Midnight Sun claim, description of 155 

Mineralization, occurrence and character 

of 41-43.77-80 

See also Ore deposits; Ores. 

Minerals, description of 85-93 

Mineral springs, occurrence and character 

of 200-aOl 

Mines and prospects, detailed descriptions 

of 93,191 

Mining development, hlstor>' of 16-19 

Mltkof Island, area of 23 

Molra Sound, North Arm of, copper mines 

on 132-134 

description of 132 

map of 133 

Molybdenite, occurrence and character of . . . 89 
Moonshine group (Cholmondeley Sound), 

description of 187-188 

Moonshine group (CIravina Island), descrip- 
tion of 179 

Mountain Top claim, description of 156 

Mount Andrew mine, description of 115-116 

location of, map showing 113 

ore bodies at 116-117 

assay of 85 

plan and section of, figure showing lift 

Mount Anvil, view from 34 

Mount Vesta prospects, description of 181 

N. 

' Nellie claim, description of 162-163 

I New York claim, description of 97-W 

I Nlblack Anchorage region, copper mines 

i of 129-132 

description of 128 

geology oL 128-129 
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Pago. 

Niblack mine, description of 129-130 

ore bodies of 130-131 

assay of S5 

North Arm, gold prospects on 170-177 

marble on 116-197 

Noyes Island, mineralization on 80 

O. 

(j. K. claim, description of ir>8 

Old Glory group, description of 157-158 

Omar Khayyam mine, ore of, assay of 85 

Ore deposits, character of 80-84 

distribution of 77-80 

minerals of 85-93 

SfeaUo Ores; individual mines, 
Oregon claim (Dora Bay), description of. . 171-172 
Oregon claim (KItkun Bay), description 

of 168-169 

Ores, character of 84 

P. 

Pacific Mountain system , description of 21 

Palache, C, surveys by 15 

Paleozoic rocks, description of 34-35, 43, 45-57 

Paris group, description of 107 

Park View claim, description of 168 

Paul and Jessie claims, description of 173-174 

Pay shoots, character of 81 

Peacock claim, description of 121 

Pegmatite, importance of r3, 6&-69 

Pelaska claim, description of 122 

Pennsylvania claims, description of 122 

Peterson group, description of 150 

Placers, development of 80 

Platinum, nonoccurrence of so 

Point Meade limestone, fossils of 46 

Poor Man's group, description of 118 

Porphyrite dikes, occurrence and character 

of 70 

Portage Mountain group, description of. . . . 141 

location of, map showing 141 

Port Camden, fossils from 60 

Portland Canal, description of 25 

view of 24 

Precipitation, records of 28 

Prince of Wales Island, area of 23 

contact-metamorphism on 83 

copper mines on 93-134,203 

description of 26, 27 

fossils from <7-50,52 

geology of <0, 58, 59 

gold mines on 158-177 

marble on 192-197 

mineralization on lC-17, <2-43,79 

Prtndle, L. M., fossils found by 56 

Prospects and mines, detailed descriptions 

of 93-191 

Puyellup mine, description of 159-160 

Puzzler claim, description of 155 

Pyrlte, description of 87 

Pyrrhotlte, anfUysea of ores of 87 

description of 87 

Q. 

Quartz, occurrence and character of 90 

Queen claim, description of 148 

40840— Bull. 347—08 14 



R. I'ago. 

Rainy Day claim, description of 156 

Reid, II. F., surveys by 14 

Revillagigedo Island, area of 23 

gold mines on 143-152 

marble on 197-198 

springs on 201 

Rock formations, description of 36-38 

Rose claim, description of 163 

Rush & Brown mine, description of 123-125 

ore bodies of 125 

section of, figure showing 124 

Russian Bear claim, description of 108 

S. 

Saginaw Bay, fossils from 53,54 

Salmon claim, description of 1 75 

Salve claim, description of 148 

San Fernando Island, geology on, view of. . . 56 

San Juan Bautlsta Island, fossils from 51 

San Juan claim, description of 171 

Scapollte, occurrence and character of 92 

Schist band, definition of 44 

view of 68 

Sea Breeze claim, description of 146 

Seal Bay, prospects at i:i8-140 

prospects at, location of, map showing . . 139 

Sealevel, gold mines near, map showing 1 45 

Sealevel mine, description of 144-146 

Seaward islands. See Islands. 
Sedimentary rocks. See Stratified rocks. 

Shclton group, description of 128 

Silurian rocks, deposition of 73 

description of 35, 4.5-40 

fossils of 46 

Silver, production of 20 

Silver mines, description of 187-191 

distribution of 18C-187 

Skowl Arm, copper mines near 134-138 

copper mines near, location ^f, map 

showing 134 

description of 134 

Slate belt, definition of 44 

Slate-greenstone band, definition of 44, 56-57 

mineralization in 78 

view of 56 

Sleepy Eye claim, description of 176 

Smeaton ^ay prospects, description of 185 

Soda Springs Bay, fossils from 52 

Spencer, A. C, surveys by 15 

Sphalerite, occurrence and character of 88 

Springs, occurrence and character of 200-201 

Stanton, T. W., fossil identified by 57 

Starry Banner claim, description of 156 

Stella claim, description of 162 

Stevenstown mine, description of 114 

location of, map showing 113 

ore bodies at 1 15 

assay of 85 

workings of, view of 100 

Stiklne River, description of 25 

gold on 18 

springs on 201 

view on 2C 

Stratified rocks, definition of 32-33 

description of 45-61 

Sec aUo Stratigraphy. 
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Stratigraphy, description of 33-36 

table of 34-35 

Structure, description of 38-40 

Sultana group, description of 104 

ore bodies of 104-105 

Sulzer, magnetite near 202 

Sunny Day group, description of 127 

Sunrise claims, description of 121-122 

Surveys, progress of • 9 

T. 

Tacoma claim, description of 121 

Taku Harbor, fossils from 55 

Taylor Creek prospects, description of 1 42 

Taylor prospect, description of 119 

Telegraph group. See Lon-de-Van group. 

Temperature, records of 29 

Tertiary rocks, deposition of 77 

description of 34,43-44,59-61 

fossils of 60 

Tetradymite, occurrence and character of. . 88-89 
Tetrahedrite, occurrence and character of. . 88 

Texas claim, description of 108 

Thermal springs, occurrence and character 

of 200-201 

Thome Arm region, description of 143 

geology of 143 

gold mines of 143-140 

location of, map showing 145 

marble of 197 

Timber, distribution of 30-31 

preservation of 32 

value of 31 

Tolstoi Bay region, copper mines of 126-127 

description of 126 

Tolstoi group, description of 127 

Tongass Narrows, description of 151 

gold mines of 151-152 

map of 149 

Topography, description of 23-27 

view showing 24 

Treasure group, description of 164-165 

Trlasslc rocks, description of 34 

Twelve Mile Arm region, description of 158 

geolog>- of 158-159 

gold mines of 15^166 

map of 159 

Tyee claim, description of 148 

r. 

Uncle Sam mine, description (*f 1 17 

ore body at 117 

United States claim, description of 157 



Page. 

Unuk River, prospects on, description of.. 185-186 
prospects on, location of, map showing. 186 
springs on 201 

V. 

Vallenar Bay, prospects at 140 

Valparaiso group, description of 173-174 

workings in, section of, figure showing. . 174 
Vegetation, description of 30-32 

growth of 31 

Vein deposits, occurrence and character of . 80-81 
Veins. See Breccia veins. 

Venus claims, description of 122 

Venus group, description of 125 

Virginia group, description of 181 

Vulcan claim, description of 104-105 

W. 

Wakefield group, description of 132 

Walea series, definition of 45 

Wallace group, description of 127 

War Eagle claim, description of 140 

Washington claim, description of 168-169 

Westlake group, description of 176 

White Knight group, description of 140 

Wild Cat group, description of 151-152 

Wild West claim, description of 147 

Woewodski Island, description of 182 

gold mines on 182-184 

map of 183 

WoUastonite. occurrence and character of. . 92 

Woronofskl Island, description of 184-185 

gold prospects on 185 

Wrangell. description of 19 

Wrangell district, area of 23 

boundaries of 17 

climate of 27-29 

future of 202-203 

geography of 22-27 

geologic maps of Pocket. 

geologj- of 43-77 

mineralization in 41 

mining development of 18-19 

vegetation In ; 30-32 

Wrangell Island, area of 23 

Wright, C. W., work of 12-13 

Wright, F. E., work of 12-13 

Z. 

Zarembo Island, area of 23 

ZarenilK) Springs, description of 290-201 

Zinc mines, description of 187-191 

distribution of 186-187 
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RECENT SURVEY PUBLICATIONS ON ALASKA. 

[Arranged geographically. A complete list can be had on application.] 

All of these publications can be obtained or consulted in the following ways: 

1. A limited number are delivered to the Director cf the Survey, from whom they 
can be obtained, free of chaise (except certain maps), on application. 

2. A certain number are delivered to Senators and Representatives in Congress for 
distribution. 

3. Other copies are deposited with the Superintendent of Documents, Washington, 
D. C, from whom they can be had at prices slightly above cost. 

4. Copies of all Government publications are furnished to the principal public 
hbraries throughout the United States, where they can be consulted by those interested. 

GENERAL. 

The geography and geology of Alaska, a summary of existing knowledge, by A. H. 

Brooks, with a section on climate by Cleveland Abbe, jr., and a topographic map 

and description thereof, by R. U. Goode. Professional Paper No. 45, 1906, 327 pp. 
Placer mining in Alaska in 1904, by A. H. Brooks. In Bulletin No. 259, 1905, pp. 

18-31. 
The mining industry in 1905, by A. H. Brooks. In Bulletin No. 284, 1906, pp. 4-9. 
The mining industry in 1906, by A. H. Brooks. In Bulletin No. 314, 1907, pp. 19-39. 
Railway routes, by A. H. Brooks. In Bulletin No. 284, 1906, pp. 10-17. 
Administrative repcjrt, by A. H. Brooks. In Report on progress of investigations of 

mineral resources of Alaska in 1904: Bulletin No. 259, 1905, pp. 13-17. 
Administrative report, by A. H. Brooks. In Report on progress of investigations of 

mineral resources of Alaska in 1905: Bulletin No. 284, 1906, pp. 1-3. 
Administrative report, by A. H. Brooks. In Report on progress of investigations of 

mineral resources of Alaska in 1906: Bulletin No. 314, 1907, pp. 11-18. 
Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin No. 259, 1905, 

pp. 128-139. 
The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River 

coal deposits, by G. C. Martin. Bulletin No. 250, 1905, 64 pp. 
Markets for Alaska coal, bv G. C. Martin. In Bulletin No. 284, 1906, pp. 18-29. 
The Alaska coal fields, by 'G. C. Martin. In Bulletin No. 314, 1907, pp. 40-46. 
Methodsand costs of gravel and placer mining in Alaska, by C. W. Punngton. Bulletin 

No. 263, 1905, 362 pp. (Out of stock; can be purchased from Superintendent of 

Documents, Washington, D. C, for 35 cents.) Abstract in Bulletin No. 259, 1905, 

pp. 32-46. 
Geographic dictionary of Alaska, by Marcus Baker, second edition by J. C. McCor- 

mick. Bulletin No. 299, 1906, 690 pp. 
Administrative report, by A. H. Brooks. In Report on progress of investigations of 

mineral resources of Alaska in 1907. Bulletin No. 345, pp. 5-17. 
The distribution of mineral resources in Alaska, by A. H. Brooks. In Report on 

progress of investigations of mineral resources of Alaska in 1907. Bulletin No. 

345, pp. 18-29. 
The minmg industry in 1907, by A. H. Brooks. In Report on progress of investiga- 
tions oi mineral resources of Alaska in 1907. Bulletin 345, pp. 30-53. 
Prospecting and mining gold placers in Alaska, by J. P. Hutchins. In Bulletin 

No. 345, 1908, pp. 54-77. 
Water-supply mvestigations in Alaska in 1906-7, by P. F. Henshawand C. C. Covert. 

Water-Supply Paper No. 218, 1908, 156 pp. 

Topographic maps. 

Alaska, topographic map of; scale, 1 . 2500000. Pncliminary edition by R. IT. Goode. 

Contained m Professional Paper No. 45. Not published separately. 
Map of Alaska showing distribution of mineral resources; scale, 1:5000000; ])y A. II. 

Brooks. Contained in Bulletin 345 (in pocket). 
Map of Alaska; scale, 1:5000000; by Alfred H. Brooks. 
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II RECENT SITRVEY PITBL1CATION8 ON ALASKA. 

In preparation. 

Methods and costs of gravel and placer raining in Alaska, by C. W. Purington. Second 
edition. 

SOUTHEASTERN ALASKA. 

Preliminary report on the Ketchikan mining district, Alaska, with an introductory 
sketch of the geology of southeastern Alaska, by Alfred H. Brooks. Professional 
Paper No. 1, 1902, 120 pp. 

The Porcupine placer district, Alaska, byC. \V. Wright. Bulletin No. 236, 1904, 35 pp. 

The Trcadwellore deposits, by A. C. Spencer. In Bulletin No. 259, 1905, j>p. 69-87. 

Economic developments in 8(juthea8tern Alaska, by F. E. and C. W. Wnght. In 



Bulletin No. 259, 1905, pp. 47-68. 
J Juneau gold belt, Alaska, by A. C. { 
Admiralty Island, Alaska, by C. W.' Wright', "pp. 138-154. Bulletin No. 287, 



The Juneau gold belt, Alaska, bv A. C. Spencer, pp. 1-137, and A reconnaissance of 



1906, 161 pp. 
Lode raining in southeastern Alaska, bv F. E. and C. W. Wright. In Bulletin No. 

284, 1906, pp. 30-53. 
Nonmetallic dep<)sits of southeastern Alaska, by C. W. Wright. In Bulletin No. 284, 

1906, pp. 54-60. 
The Yakutat Bay region, by R. S. Tarr. In Bulletin No. 284, 1906, pp. 61-64. 
Lode mining in southeastern Alaska, bv C. W. Wright. In Bulletin No. 314, 1907, 

pp. 47-72. 
Nonmetalliferous mineral resources vS southeastern Alaska, by C. W. Wright. In 

Bulletin No. 314, 1907, pp. 73-81. 
Reconnaissance on the Pacific C(^a?t from Yakutat to Alsek River, by Eliot Black- 

wddor. In Bulletin No. 314, 1907, pp. 82-88. 
Lode mining in southeastern Alaska in 1007, bv C. W. W'right. In Bulletin No. 345, 

1908, pp. 78-97. 
The builcling stones and materials of southeastern Alaska, bv C. W. Wright. In 

Bulletin No. 345, 1908, pp. 116-126. 
Copper deposits on Kasaan Peninsula. Prince of Wales Island, by C. W. Wright and 

Sidney Paige. In Bulletin No. 345, 1908. pp. 98-115. 

Topographic maps. 

Juneau Special quadrangle; scale, 1: 62500; l>y W. J. Peters. Fvjr sale at 5 events each 

or $3 per hundred. 
Topopraphic map of the Juneau gold belt. Alaska. Contained in Bulletin 287, Plate 

XXaVI, 1906. Not issued separately. 

In preparation. 

Physiography and glacial geology of the Y'akutat Bay region, Alaska, bv R. S. Tanr, 

with a chapter on the bed-rock geology by R. S. Tarr and B. S. Butler. 
The Ketchikan and Wrangell mining dL'<tricts, Alaska, by F. E. and C. W. Wright. 
Berners Bay Special map; scale, 1:62500; by R. B. Oliver. (In press.) 
Kasaan Peninsula Special map; scale, 1:62500; by D. C. Witherspoon and J. W. Bagley. 

CONTROLLER BAY, PRINCE WILLIAM SOUND, AND COPPER RIVER 

REGIONS. 

The mineral resources of the Mount Wrangell district, Alaska, by W. C. Mendenhall. 
Professional Paper No. 15, 1903, 71 pp. Contains general map of Prince William 
Sound and Copper River region; scale, 12 miles = 1 inch. (Out of stock; can be 
purchased from Superintendent of Documents for 30 cents.) 

Bering River coal field, bv G. C. Martin. In Bulletin No. 259, 1905, pp. 140-150. 

Cape Yaktag placers, by (i. C. Martin. In Bulletin No. 259, 1905, pp. 88-89. 

Notes on the petroleum fields of Alaska, l)y G. C. Martin. In Bulletin No. 259, 1905, 
pp. 128-139. Abstract from Bulletin No. 250. 

The petroleum fields of the Pacific coa?t of Alaska, with an account of the Bering River 
coal deposits, by G. C. Martin. Bulletin No. 250, 1905, 64 pp. 

Geology of the central Copper River region, Alaska, bv W. C. Mendenhall. PiDfes- 
sional Paper No. 41, 1905, 1.3:? pp. 

Copper and other mineral resources of Prince William Sound, bv U. S. Grant. In Bul- 
letin No. 284, 1906, pp. 78-87. 

Distribution and character ( f the Bering River coal, bv G. C. Martin. In Bulletin Ko 
284, 1906, pp. 65-70. 
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RECENT SURVEY PUBLICATIONS ON ALASKA. Ill 

Petroleum at Controller Bay, by G. C. Martin. In Bulletin No. 314, 1907, pp. 89-103. 
6eolog>' and mineral resources of Controller Bay region, by G. C. Martin. Bulletin 

No. 335, 1908, 141 pp. 
Notes on copper prospects of Prince William Sound, by F. H. Moffit. In Bulletin 

No. 345, 1908, pp. 17(5-178. 
Mineral resources of the Kotsina and Chitina valleys. Copper River region, bv F. H. 

Moffit and A. G. Maddren. In Bulletin No. 345, 1908, pp. 127-175. • " 

Topographic maps. 

Map of Mount Wrangell; scale, 12 miles = 1 inch. Contained in Professional Paper 

No. 15. Not issued separately. 
Copper and upper Chistochina rivers; scale, 1: 250000; by T. G. Gerdine. ('ontained 

in Professional Paper No. 41. Not issued separately. 
Copper. Nal>e8na, and Chisana rivers, headwaters of; scale, 1:250000. D. C. Wither- 

spoon. Contained in Professional Paper No. 41. Not issued separately. 
Controller Bay region Special map; scale, 1 : 62500; by E. G. Hamilton. For sale at 35 

cents a copy or 121.00 per hundred. 
General map of Alaska coast region from Yakutat Bay to Prince William Sound; scale, 

1 : 1200000; compiled by G. C. Martin. Contained in Bulletin No. 335. 

In preparation. 

The Kotsina-Chitina copper region, by F. H. Moffit. 

Chitina quadrangle map; scale, 1:250000; by T. G. Gerdine and D. C. Witherspwm. 

COOK INLET AND SUSITNA REGION. 

The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River 

coal deposits, by G. C. Martin. Bulletin No. 250, 1905, 64 pp. 
Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin No. 259, 1905, 

pp. 151-171. 
Gold placers of Tumagain Ann, Cook Inlet, by F. H. Moffit. In Bulletin No. 259, 

1905, pp. 90-99. 
Mineral resources of the Kenai Peninsula: Gold fields of the Tumagain Arm region, by 

F. H. Moflit, pp. 1-52; Coal fields of the Kachemak Bay region, bv R. W. Stone, 

pp. 53-73. Bulletin No. 277. 1906, 80 pp. 
Prehminary statement on the Matanuska coal field, by G. C. Martin. In Bulletin No. 

284, 1906, pp. 88-100. 
A reconnaissance of the Matanuska coal field, Alaska, in 1905, ))y G. C. Martin. Bulle- 
tin No. 289, 1906. 36 pp. (Out of stock; can ]ye purchased of Superintendent of 

Documents for 25 cents. ) 
Reconnaissance in the Matanuska and Talkeetna basins, by S. Paige and A. Knopf. 

In Bulletin No. 314, 1907, pp. 104-125. 
Geologic reconnaissance in the Matanuska and Talkeetna basins, Alaska, by S. Paige 

and A. Knopf. Bulletin No. 327, 1907, 71 pp. 

Topographic maps. 

Kenai Peninsula, northern portion; scale, 1:250000; by E. G. Hamilton. Contained 
in Bulletin No. 277. Not published separately. 

Reconnaissance map of Matanuska and Talkeetna region; scale, 1:250000: bv T. G. 
Gerdine and R. H. Sargent. Contained in Bulletin No. 327. Not pu))lished 
separately. 

Mount McKinley region; scale, 1:625000; by D. L. Reaburn. Contained in Profes- 
sional Paper No. 45. Not published separately. 

ALASKA PENINSULA AND ALEUTIAN KSLANDS. 

Gold mineon Unalaska Island, by A. J. Collier. In Bulletin No. 259, 1905, pp. 102-103. 
Gold deposits of the Shumagin Islands, by G. C. Martin. In Bulletin No. 259, 1905, 

pp. 100-101. 
Notes on the petroleum fields of Alaska, by G. C. Martin. In Bulletin No. 259, 1905, 

pp. 128-139. Abstract from Bulletin No. 250. 
•Phe petroleum fields of the Pacific coast of Alaska, with an account of the Bering River 

coal deposits, by G. C. Martin. In Bulletin No. 250, 1905. 64 pp. 
Coal resources of southwestern Alaska, by R. W. Stone. In Bulletin No. 259, 1905, 

pp. 151-171. 
The Herendeen Bay coal field, by Sidney Paige. In Bulletin No. 284, 1906, pp. 

101-108. ^ , 
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IV KECENT SURVEY PUBLICATIONS ON ALASKA. 

YUKON BASIN. 

The coal resources of the Yukon, Alaska, by A. J. Collier. Bulletin No. 218, 1903, 

71 pp. 
The gold placers of the Fortyfnile, Birch Creek, and Fairbanks regions, by L. M. Prin- 

dle. Bulletin No. 251, 1905, 89 pp. 
Yukon placer fields, bv L. M. Prindle. In B.ulletin No. 284, 1906, pp. 10^131. 
Reconnaissance from Circle to Fort Hamlin, by R. W. Stone. In Bulletin No. 284, 

1906, pp. 128-131. 
The Yukon-Tanana region, Alaska; description of the Circle quadrangle, by L. M. 

Prindle. Bulletin No. 295, 1906, 27 pp. 
The Bonnifield and Kantishna regions, by L. M. Prindle. In Bulletin No. 314, 1907, 

pp. 205-226. 
The Circle Precinct, Alaska, by Alfred H. Brooks. In Bulletin No. 314, 1907, pp. 

187-204. 
The Yukon-Tanana region, Alaska; description of the Fairlwmks and Rampart quad- 
rangles, by L. M. Prindle, F. L. Hess, and C. C. Covert. Bulletin No. 337, 1908, 

102 pp. 
Occurrence of gold in the Y'ukon-Tanana region, by L. M. Prindle. In Bulletin No. 

345, 1908, pp. 179-186. 
The Fortymile gold placer district, by L. M. Prindle. In Bulletin No. 345, 1908, 

pp. 187-197. 
Water supply of the Fairbanks district in 1907, by C. C. Covert. In Bulletin No. 345, 

1908, pp. 198-205. 

Topographic maps. 

Fortymile quadrangle; scale, 1:250000; by E. C. Barnard. For sale at 5 cents a copy 

or $3 per hundred. 
Yukon-Tanana region, reconnaissance map of; scale, 1:625000; by T. G. Gerdine. 

Contained in Bulletin No. 251, 1905. Not publishc^d separately. 
Fairbanks and Birch Creek districts, reconnaissance maps of; scale, 1: 250000; by T. G. 

Gerdine. Contained in Bulletin No. 251, 1905. Not issued separately. 
Circle quadrangle, Yukon-Tanana region; scale, 1:250000; by D. C. Witherspoon. 

Contained m Bulletin No. 295. Not issu^^d st^parately. 

In preparation. 

Water-supply investigations in Alaska, 1906 and 1907, by F. F. Henshaw and C. C. 

Covert. Water-supply Paper No. 218, 1908, 156 pp. 
Fairbanks quadrangle map; scale, 1:250000; by D. C. Witherspoon. Contained in 

Bulletin No. 337, 1908. 
Rampart quadrangle map; scale, 1:250000; by D. C. Witherspoon. Contained in 

Bulletin No. 337, 1908. 
Fairbanks Special map; scale, 1:62500; by T. G. Gerdine and R. H. Sargent. 

SEWARD PENINSULA. 

A reconnaissance of the Cape Nome and adjacent gold fields of Seward Peninsula, 
Alaska, in 1900, by A. H. Brooks, G. B. Richardson, and A. J. Collier. In a 
special publication entitled " Reconnaissances in the Cape Nome and Norton Bay- 
regions, Alaska, in 1900,'' 1901, 180 pp. 

A reconnaissance in the Norton Bav region, Alaska, in 1900, by W. C. Mendenhall. 
In a special publication entitled " Reconnaissances in the Cape Nome and Norton 
Bay regions, Alai^ka, in 1900." 

A reconnaissance of the northwestern portion of Seward Peninsula, Alaska, by A. J. 
Collier. Professional Paper No. 2, 1902, 70 pp. 

The tin deposits of the Y'ork region, Alaska', by A. J. Collier. Bulletin No. 229, 1904, 
61pp. 

Recent developments of Alaskan tin deposits, by A. J. Collier. In Bulletin No. 259, 
1905, pp. 120-127. 

The Fairhaven gold placers of Seward Peninsula, by F. H. Moffit. Bulletin No. 247, 
1905, 85 pp. 

The York tin region, bv F. L. Hess. In Bulletin No. 284, 1906, pp. 145-157. 

Gold mining on Sowafd Peninsula, bv F. H. Moffit. In Bulletin No, 284, 1906, pp. 
132-141. 

The Kougarok region, by A. U. Brooks. In Bulletin No. 314, 1907, pp. 164-181. 
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BECENT SURVEY PUBLICATIONS ON ALASKA. V 

Water supply of Nome region, Seward Peninsula, Alaska, 1906, by J. C. Hoyt and 
F. F. Henshaw. Water-Supply Paper No. 196, 1907, 52 pp. (Out of stock; can 
be purchased of Superintendent of Documents for 15 cents.) 

• ' ' - - ,^ . , -..- , , ^ Hoyt and F.F. 

126-145. 
Gold fields of the Solomon and Niukluk river basins, by P. Sf Smith. In Bulletin 

No. 314, 1907, pp. 146-156. 
Geology and mineral resources of Iron Creek, by P. S. Smith. In Bulletin No. 314, 

1907, pp. 157-163. 
The gold placers of parts of Seward Peninsula, Alaska, including the Nome, Council, 

Kougarok, Port Clarence, and Goodhope precincts, by A. J. Collier, F. L. Hess, 

P. S. Smith, and A. H. Brooks. Bulletin No. 328, 1908, 343 pp. 
Investigation of the mineral deposits of Seward Peninsiila, by P. S. Smith. In 

Bullelin No. 345, 1908, pp. 206-250. 
The Seward Peninsula tin deposits, by Adolph Knopf. In Bulletin No. 345, 1908, 

pp. 251-267. 
Mineral deposits of the Lost River and Brooks Mountain regions, Seward Peninsula, 

by Adolph Knopf. In Bulletin No. 345, 1908, pp. 268-271. 
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COAL RESOURCES OF THE RUSSELL FORK BASIN 
IN KENTUCKY AND VIRGINIA. 



By Ralph W. Stone. 



PART I -THE ELKHORN COAL DISTRICT, KENTUCKY. 

INTRODUCTION. 

Reasons for this survey. — For many years it has been known that 
bituminous coal of good quality occurs^ in abundance in Pike and 
lietcher counties, Ky. The region north of Pound Gap on the 
headwaters of Elkhom and Shelby creeks and of Boone Fork of 
Kentucky River has been particularly noted as a possible source of 
a large amount of fuel. This region has enjoyed a good reputation 
among investors for the amount and quality of the coal present, the 
only question as to its immediate value being based on the lack of 
transpK>rtation facilities. A large market is readily accessible from 
the mouth of Big Sandy River, the natural entrance to the region. 

For several years the United States Geological Survey has had 
under advisement an investigation of the geology and mineral re- 
sources of the region as soon as adequate topographic maps on which 
to base the work should be prepared. As new topographic maps 
were not immediately forthcoming and as a railroad has recently 
been built which will probably lead to the early development of the 
field, it was decided to make a reconnaissance survey of the drainage 
basin of Russell Fork of Big Sandy River in the summer of 1906. 
The area of this basin, which is largely in Virginia, is approximately 
680 square miles, and, as the writer was working alone during 
the greater part of the thirteen weeks given to the task, it was not 
possible to study details of structure and stratigraphy. It was not 
intended that this should be the final survey of the region, but 
rather that the whole area should be visited and as much informa- 
tion obtained concerning the number, extent, and character of the 
coal beds as was possible in the limited time available. The first 
part of this report deals with the Kentucky portion of the basin of 
Russell Fork, describes the coal found there, and gives a brief ac- 
count of the structure and stratigraphy. 

9 
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10 COAL RESOURCES OF THE RUSSELL PORK BASIN. 

Preinous investigation, — In 1887 the Kentucky Geological Survey 
published preliminary reports on the southeastern Kentucky coal 
fields, by A. R. Crandall and G. M. Hodge, and in 1900 the report 
of the inspector of mines of Kentuckj^ contained the results of in- 
vestigations made by Prof. C. Newton Brown, who was detailed 
by the War Department to investigate the mineral wealth of Big 
Sandy Valley at the time there was a movement to provide for 
slack-water navigation on the river. Professor Brown's report was 
the prinicipal source of information concerning the coal of the 
region until the Kentucky Geological Survey, in October, 1906, 
issued, as its Bulletin No. 4, a report by A. R. Crandall, entitled 
" The Coals of Big Sandy Valley." Ten pages of this report deal 
with the region here described. 

Individuals and companies have made thorough investigations of 
practically the entire district. The Big Sandy Company and the 
Northern Coal and Coke Company have made areal and geologic 
surveys of their extensive holdings, but their reports are private. 
The Big Sandy Company has a lithograph map of the Elkhorn field 
lying south of Russell Fork which shows the outcrops of the princi- 
pal coal beds, the geologic structure, and the location of several hun- 
dred prospects. This map was made by E. V. d'Invilliers, of Phila- 
delphia. A copy furnished to the writer by the company, together 
with a tracing of that portion of the original map representing the 
country north of Russell Fork, formed the base for the field notes 
and for a large part of the map which accompanies this report 
(PI. I). Private reports by R. N. Dickman, E. V. d'Invilliers, 
A. M. Miller, Neil Robinson, Joseph Sillyman, and others were seen 
by the writer. 

Method of work, — The field work on which this report is based 
was done between July 24 and September 10, 1906. G. H. Ashley, 
geologist in charge of Appalachian coal surveys, spent the first week 
of the season with the party. C. W. Dodge, jr., assisted the writer 
after August 24. 

The work consisted largely in making road sections to determine 
the structure, in measuring cliff sections to get the stratigraphic 
succession, and in measuring coal beds wherever exposures could be 
found. In a region so heavily timbered as this there are but few 
natural exposures of the coal beds, and the number of coal sections 
measured would have been small but for the extensive prospecting 
done by the companies that have been investing in coal lands. As 
more than a year had passed since most of the trenches were dug, 
many of them were filled and the coal made inaccessible except by 
the expenditure of considerable time and labor. It was not prac- 
ticable in the present survey to reexcavate, and therefore measure- 
ments were necessarily confined to those prospects which were open 
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and could be located, to the banks which are worked for family use 
each winter, and to the natural outcrops. One hundred and fifty 
measurements of coal beds were thus obtained, sufficient to prove the 
character and extent of the coal throughout the field. All coal sec- 
ticms given in this report, except two of the Flatwoods bed, were 
measured by the writer or his assistant, Mr. Dodge. The locations 
of prospects shown on the map of the Big Sandy Company were of 
great assistance in finding places where sections of coal beds might be 
measiu^d. Stadia elevations given on the map were accepted as 
true altitudes, and aneroids were constantly referred to them. 

Acknowledgments. — The writer is indebted to the officers of the 
Big Sandy Company, to the officers of the Northern Coal and Coke 
Company, and particularly to W. T. Griffith, civil engineer, of Pike- 
ville, Ky., J. C. C. Mayo, of Paintsville, Ky., and James W. Fox, of 
New York, for maps, information, and photographs. C. W. Dodge, 
jr., gave efficient assistance in the field, and in the office has prepared 
the map and the figures which accompany the report. G. H. Ashley, 
geologist in charge of Appalachian coal surveys, has exercised over- 
sight of the work and offered many valuable suggestions. David 
White has contributed a section on the correlation of the Elkhom 
coals. The residents of the district extended kindness to the writer 
everywhere he went, and he wishes to state that in every locality, 
without exception, he found unfailing courtesy and hospitality 
shown to the stranger. 

GEOGRAPHY AND HISTORY. 

GFXKIRAPHIC POSITION. 

The Elkhorn coal field is situated close to the eastern boundary of 
Kentucky, about midway between Huntington, W. Va., and Bristol, 
Va. The field lies 75 miles south of Ohio River, in the drainage 
basin of Russell Fork of Big Sandy River. It is a part of the 
eastern Kentucky coal field, which extends over several counties and 
is divided by natural boundaries into smaller districts, of which the 
Elkhorn coal field is one. The Elkhorn field as here discussed and 
described is a triangular area having its greatest length along Pine 
Mountain and the State line. The distance from the head of Grassy 
Creek to the head of Elkhom Creek is 25 miles. The greatest width 
of the field is about 10 miles, which is the distance in a straight line 
from the northern end of Pine Mountain at the Breaks to the mouth 
of Russell Fork at Millard. This area is all in Pike County ex- 
cept the extreme head of Elkhorn Creek, which is in Letcher County. 

Russell Fork divides the field into two unequal parts. The northern 
part, from the river to the divide between it and Levisa Fork, contains 
about 30 square miles and is drained largely by Powell, Ferrell, 
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12 COAL RESOURCES OF THE RUSSELL FORK BASIN. 

Beaver, and Grassy creeks, all of which are from 3 to 4 miles in 
length. The southern part is much larger, having about 100 square 
miles, and includes Elkhom, Pond, and Marrowbone creeks. Elk- 
horn Creek rises on the north side of Pound Gap and flows northeast 
20 Miles parallel with Pine Mountain to join Russell Fork at Praise 
(Elkhom City). Marrowbone Creek, which is 8 miles long, heads 
at Ashcamp Gap and empties into Russell Fork at Regina, 8 miles 
below the mouth of Elkhorn Creek. Pond Creek lies between J|ie 
two and is scarcely 4 miles long. — 

TOPOGRAPHY. 

The topography of the eastern part of Pike County is rugged, 
almost mountainous. The elevation of the main streams is between 
700 and 900 feet above sea level, while the summits of the ridges are 
over 1,500 feet above tide. In the Flatwoods area, which exceeds 
2,500 feet in general elevation, there is a suggestion of the old Cum- 
berland plateau, of which eastern Kentucky forms a deeply dissected 
part. This broad, level mountain top corresponds closely with the 
old plateau, which has an elevation of approximately 2,400 feet at 
Cumberland Gap and, rising northward, is recognized at 3,500 feet 
on New River. The Cumberland plateau is the oldest, highest, and 
easternmost of the Allegheny plateaus, and is so deeply eroded in 
this region that but little trace, the merest suggestion of it, remains. 
Its general slope was westward. 

The valleys have nari'ow floors and steep walls that rise abruptly 
several hundred feet to the narrow ridge tops. Because there is prac- 
tically no level upland surface and the ridges are difficult of access, 
settlement was first made on the banks of the main stream, whence it 
spread gradually up the side ravines. 

The elevation of Russell Fork at Millard is 680 feet above tide, at 
the mouth of Road Creek 720 feet, at the mouth of Ferrell Creek 755 
feet, and at the State line in the Breaks about 900 feet. This differ- 
ence of 220 feet in 14^ miles gives an average fall of a little over 15 
feet per mile. Elkhom Creek falls 760 feet from head to mouth, an 
average of 38 feet per mile for 20 miles. Marrowbone Creek has a 
fall of nearly 50 feet per mile in the lower 6 miles of its course. 

Pine Mountain, which marks the southern boundary of the Elk- 
horn field, presents a type of topography found in the Appalachian 
Valley from New York to Alabama. It is a ridge formed by the 
upturning of hard strata, the Lee conglomerate, which dips southeast 
at an angle of 25° and which is bounded on the northwest by a great 
fault. The crest of Pine Mountain is comparatively straight, but 
more or less serrate. It has a general altitude of 3,000 feet, with no 
low gaps between Pineville and the Breaks of Sandy, a distance of 
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85 miles. The heavy sandstone and conglomerate beds resist erosion, 
so that the crest has retreated but little from the line of the. fault. 
This fault brings the coal-bearing rocks on the west to an abru|^t end 
on^the flank of the mountain and raises lower barren rocks higt above 
them on the east, making a scarp which is difficult to cross. 

Because of the deeply dissected character of the region, its narrow 
valleys and sharp-crested ridges, and because the base of the coal- 
bearing formation is at or not far below water level, the workable 
coals, which are in the middle of the formation, occur high in the 
hills. Within 2 miles of Russell Fork, on both sides, the Elkhom 
coals are so high in the hills that they have only a small body and 
very irregular outlines. 

This topography, however, does not hinder coal-mining operations, 
for by frequent bridging or fording of the stream room may be found 
on each valley floor for the accommodation of a highway and railroad. 
Of necessity any considerable settlement must be extended along 
the valleys. 

ACCESSIBlLirr OF THE REGION. 

Pine Mountain, which forms the State line and cuts off the coal 
field on the east, has always hindered approach from Virginia. To 
the east it presents a steep, timbered slope rising 1,500 to 2,000 feet 
abo\e the surrounding country to a crest in which there are no pro- 
nounced gaps for many miles. The Breaks of Sandy, at the north- 
ern end of the mountain, through which the drainage of Dickenson 
County, Va., finds its way westward, is a box canyon a thousand 
feet deep and a difficult place in which to build either highway or 
railroad. Its precipitous rocky walls, capped with " chimneys " 
and towers, with the dashing stream far below, make some of the 
wildest scenery to be found in this section of the country. 

On account of this great natural barrier on the southeast practically 
all approach to the region is from the north, by way of Big Sandy 
River. Until 1906 Pike County was accessible only by wagon, ex- 
cept at intervals when a flood stage on the river made it possible for 
steamers of shallow draft to -ascend as far as Pikeville, but this 
method of transportation was infrequent and precarious. 

Highways over which wagons may pass without difficulty are con- 
fined to the valleys of the main streams. In many places the valley 
floor is so narrow that the road and stream bed are coincident or 
cross each other at intervals. The principal road to this coal field 
is the highway from Pikeville to Virginia via the Breaks of Sandy. 
In the region shown on PI. I it extends up the left side of Russell 
Fork to the mouth of Grassy Creek, which it ascends to reach the 
upland and pass around the Breaks. Another much-traveled road 
runs up Marrowbone Creek, over Ashcamp Gap, to the mouth of 
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14 COAL RESOURCES OF THE RUSSELL FORK BASIN. 

Ashcamp Creek, where it joins the road that extends along Elkhom 
Creek. Wagons cross Pine Mountain over Pound Gap at the head of 
Elkhom Creek and over Blowing Rock Gap opposite Ashcamp Creek. 
There is a haul or sled road over the mountain at Osbom Gap, opi>o- 
site Shelby Gap, which is halfway between the gaps just mentioned 
and about 15 miles from the mouth of Elkhom Creek. There are 
also roads up Beaver, Ferrell, and Road creeks, crossing the divide to 
Levisa Fork. 

There are no roads on the ridges. Numerous bridle paths make 
practically all parts of the region accessible to travelers on horse- 
back. 

In July, 1906, the Big Sandy branch of the Chesapeake and Ohio 
Railway was completed from Pikeville to Elkhom City (Praise 
post-office) , at the mouth of Elkhom Creek, and to Hellier, near the 
head of Marrowbone Creek. This railroad makes part of the Elk- 
horn coal field readily accessible, and affords opportunity for the 
development of the extensive fuel resources which had not been 
touched because transportation facilities were lacking. With the 
coming of the railroad interest in the field has increased and several 
mines are being opened. 

Propositions to tap the field by railroads from the east or south 
have been frequently promulgated. In 1906 surveyors were working 
in Dickenson County on the proposed line of the South and Western 
Railway, which aims at tunneling Sandy Ridge at Trammel Gap, 
crossing Dickenson County by way of McClure Creek or Cranes 
Nest River, following down Russell Fork to the Breaks at the north 
end of Pine Mountain, and connecting at Elkhom City with the 
Chesapeake and Ohio Railway. Another proposed route extends up 
Kentucky River to the head of Boone Fork, down Elkhorn Creek to 
Shelby Gap, and thence down Shelby Creek. Some grading was done 
at the head of Shelby Creek and in Shelby Gap to hold the location. 
In the Breaks of Sandy considerable excavating and grading has 
been completed, but in the summer of 1906 construction work was 
not being done on any of the proposed lines. 

FOREST. 

Originally this entire region was covered with a mantle of hard- 
wood forest. The valley floors and the lower portions of the steep 
mountain slopes are cleared, but the upper slopes and tops of the 
ridges are as yet heavily covered with timber. Logging has been 
carried on in the valley for fifty years, the logs being rafted or 
floated singly down the river at high water to mills on the Ohio. 
Logs that have been cut and rolled into the river are strewn along 
the bank^ and bars waiting for a " mountfun tide." Haft^ are sent 



Digitized by 



Googk 



U. 8. GEOLOGICAL SURVEY 



BULLETIN NO. 348 PL. II 



A. LOG RAFTS ON BIG SANDY RIVER. 
Showing river at flood and source of mine timber. 



B. CLIFFS OF LEE CONGLOMERATE IN THE BREAKS OF BIG SANDY. NORTH END OF 

PINE MOUNTAIN. 



Photos loaned by J no. C. C. Mayo. 
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out with every big stage of the river, but many logs still remain 
stranded. In the Breaks of Sandy a jam, estimated at 40,000 logs, 
which failed to come down for four years because the river did not 
rise enough, went out on a flood in January, 1907. 

The most valuable wood native to the region, the black walnut 
{Juglans nigra) ^ is very rare now in trees of any considerable size. 
In the early days walnut logs were split for rails and firewood, and 
twenty-five years ago the Singer Sewing Machine Company bought 
large numbers of walnut trees at 25 cents a piece. Now a black- 
walnut stump will bring $25 or more. 

Chestnut {Castanea dentata) and yellow poplar {Liriodendron 
iuliplfera) are not so common as formerly. At present white and 
red oak {Quercus alba and Q. rubra) are being culled rapidly and 
made into staves, which are shipped by the railroad. Among the 
more common trees found in the Elkhorn region and in eastern 
Kentucky in general are the sugar maple {Acer saccharnm)^ white ash 
{Fradtinu4i ameHcana)^ beech {Fagus americana) ^ hickory {Hicoria 
alba), basswood {Tilia americana) ^ and sycamore {Platanus occi- 
dentalis). Less common, but still not infrequent, are the buckeye 
{^^HCuluH octandra), papaw {Asimina triloba)^ and cucumber tree 
{Magnolia acuminata). 

To-day the landscape from any of the highest summits presents a 
view of low mountains completely clad with timber and with only 
a few inconspicuous patches cleared for com. The lumberman, how- 
ever, is beginning to make rapid inroads, and the day is not far dis- 
tant when most of the mountains will be stripped of their cover. 
There is timber in these mountains of quality and in abundance suffi- 
cient to meet the demands of extensive coal-mining operations and 
to warrant the establishment of furniture, spoke, handle, and wagon 
factories. With the stripping of the forest, however, the soil on the 
steep hills will be rapidly washed away and the slopes left bare and 
sterile. Worst of all, with the removal of the forest will come devas- 
tating floods that will do incalculable damage to the lands and indus- 
tries on the banks of Russell Fork. PL II, ^1, shows Big Sandy 
River at flood stage and several rafts of logs, indicating the source 
of an abundance of timber for mine supports and for outside con- 
struction. 

EARLY DEVELOPMENT OF MINERAL RESOURCES. 

It is probable that small coal banks were opened as early as the 
civil war, but they must have been few and little more than " gopher 
holes." One of the oldest known banks, said to have been opened 
over thirty years ago, is on Harless Creek, 1^ miles above its mouth, 
on the land of Butler Ratliff. This bank originally supplied fuel 
for the locomotive of a small steam tramroad whigh was built up the 
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creek for logging. The need of fuel for blacksmithing also was an 
early incentive for digging coal. Some few banks have been open 
and supplying winter fuel to one or two families for a dozen or fif- 
teen years, but most of the prospecting to locate the coal beds has 
been done since 1902. Much of it has consisted of simple trenching 
to face up the coal and measure it, after which the opening has caved. 
In a few places after the facing up some one has taken the opportu- 
nity to drift in and timber the opening so as to keep the coal acces- 
sible. The amount of development in this field prior to 1903 was 
extremely meager and of little or no importance. Even to this day, 
in spite of the abundance of coal, the principal fuel used in this dis- 
trict is wood. 

PRESENT DEVELOPMENT AND PRODUCTION. 

Except the few small banks which are kept open for family use 
and one or two which supply a small custom trade, the development 
of the field is confined to the upper portion of Marrowbone Creek, 
where five mines have been opened. The buying of mineral rights 
was begun by R. M. Broas about July, 1885, and by Wilder and Strat- 
ton in 1888. Their purchases were taken over by the Elkhom 
Coal and Coke Company about 1893. By the efforts of R. A. Hel- 
lier, this company procured a considerable block of coal land and 
transferred its rights to the Big Sandy Company in 1902. 

The Big Sandy Company now owns a large proportion of the 
mineral rights of the area represented on the accompanying map. 
John C. C. Mayo commenced buying coal rights in this field in 
1892 and continued until he organized the Northern Coal and Coke 
Company in 1901. Practically all of the coal land between Shelby 
Gap and the head of Elkhorn Creek is owned by this company, 
which has made a number of openings to show the character and 
value of the coal and has built beehive ovens near the head of Elk- 
hom Creek to test the coking quality of the Upper Elkhorn coal. 
The Northern Coal and Coke Company exhibited at the Louisiana 
Purchase Exposition, at St. Louis, specimens of coke made at these 
ovens, and also a complete section of the 8-foat coal bed. Active 
development of this company's property is delayed by lack of rail- 
road facilities. The Virginia Iron, Coal and Coke Company owns 
about 2,000 acres of coal land on Pond Creek, but there is no develop- 
ment of the property' other than the opening of a few small banks. 

None of this property was of immediate value so long as there was 
no means of transportation. The construction of the Big Sandy 
branch of the Chesapeake and Ohio Railway to the mouth of Elk- 
horn Creek and up Marrowbone Creek to Cassell Fork was completed 
in June, 1906. Before the completion of the railroad the Big Sandy 
Company had leased coal-mining rights to five newly formed compa- 
nies, and preparations for extensive mining were begun at once in as 
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many different localities on Marrowbone Creek. The companies 
which began active development work in the spring of 1906 are the 
Greenough Coal and Coke Company, the Edgewater Coal and Coke 
Company, the Henry Clay Coal and Coke Company, the Marrowbone 
Coal and Coke Company, and the Pike Coal and Coke Company. 

Outside construction and drifting began in February, and in June 
the Pike Coal and Coke Company shipped the first car of coal. In 
July, soon after the completion of the railroad, the Pike and Green- 
ough mines began shipping regularly, the former loading cars from 
a temporary chute and the latter from a permwient tipple. The 
Greenough Company is mining the Upper Elknorn bed, and the 
Pike Company the Lower Elkhorn. In October, 1906, the Henry 
Clay Company began loading Lower Elkhorn coal from its perma- 
nent tipple. At that date the railroad grade was not completed to 
the Edgewater mine, which is at the head of Marrowbone Creek, 
and the tipple for the Marowbone mine was not built. A descrip- 
tion of the stage of development of the property of these five com- 
panies in October, 1906, will show the prospects of the field. 

The Edgewater Coal and Coke Company is developing a lease at 
the head of Marrowbone Creek one-half mile north of Ashcamp Gap. 
Main gangways are being driven on both the Upper and Lower Elk- 
horn beds. In October the gangway on the upper bed was in 140 
feet with a course S. 85° E., and on the lower bed 3Y0 feet on a 
course S. 83° E., with a parallel air course not so long. A tipple and 
incline were being built. The Edgewater mine is seven-eighths mile 
from the railroad. A grade for a railroad spur was built to it in the 
spring of 1906, but was too steep and a longer one with easier grade 
was built in the fall. Outside construction, including miners' houses, 
was barely begun. 

The Greenough Coal and Coke Company has driven 600- foot gang- 
ways on the upper and lower beds, one above the other, at a point 
about 300 yards above the mouth of Cassell Fork. The upper mine 
has two right and two left entries started. It is reported that the coal 
nearly pinched out in the face of the lower mine, but this was not con- 
firmed as the heading was inaccessible on account of water. Coal 
was being shipped from the upper bed. Miners' houses were built, 
and the tipple and gravity incline at this mine were the first ones 
completed on the creek. A roadway has been graded up the moun- 
tain side to the upper mine, which is about 350 feet above the stream. 

The Henry Clay Coal and Coke Company has a lease on a block of 
coal which lies on the north side of Marrowbone Creek between Poor- 
bottom Creek and Big Branch. Development was begun by building 
ft group of houses and other necessary buildings along the railroad 
and by starting a mine on the Lower Elkhorn bed. In October, 1906, 
40868— BuU. 348—08 1 
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the entry was 550 feet long and was provided with a parallel air 
course. The course of the main entry is N. 75° W., for 450 feet, 
where it turns N. 45° W. Cars from this entry are hauled around 
the face of the hill about 100 yards to the tipple incline, which is 
located on the point of a spur. An opening had been driven about 
70 feet on the upper bed on the opposite side of the spur and was 
progressing rapidly in a N. 45° W. direction. This mine began 
shipping coal from the lower bed in October. The tipple is directly 
on the railroad, so that only a siding is necessary. 

The Marrowbone Coal and Coke Company undertook the develop- 
ment of their pr^^rty in May, 1906, and in October had not com- 
pleted the tipple and siding, although the building of this part of the 
plant and of houses for the miners was progressing. This company's 
lease is on the south side of Marrowbone, nearly opposite the mouth 
of Rockhouse Creek. At this point the Upper Elkhorn coal is 
about 570 feet above the railroad and stream. Entries on both beds 
are driven S. 30° E. One on the upper bed had reached 127 feet and 
two on the lower bed 125 feet. 

"fhe Pike Coal and Coke Company began construction of houses 
and a company store in February and shipped coal early in July, 
1900. More work was done on the lower than on the upper bed, and 
on September 1 the lower mine had a main gangway 720 feet long 
with a parallel air course, and a left entry 350 feet long, with an air 
course. Three rooms from 30 to 70 feet long have been cut from 
this entry. At the same time the entry of the upper mine had ad* 
vanced 246 feet. Foundation for a permanent tipple was laid in 
October, cai*s then being loaded from a temporary chute. 

All of these mines are using the room-and-pillar system, and the 
coal is shot from the solid. Mining machines have not yet been in- 
stalled. The mines are ventilated by furnace, and the hauling is 
done by mules. Natural drainage is obtained. Miners are paid $3.75 
a yard for driving headings 6 feet high and for mining at the rate 
of GO cents for a 1^-ton car. Miners working in the Lower Elkhorn 
bed are paid 70 cents* a car, the higher rate being demanded for 
throwing out the laminated coal. All of the mines have had diffi- 
cuhy in getting enough miners and were working short-handed. The 
daily production of the three mines which were shipping in October, 
1906, was as follows : 

Daily production of mines on Marrowbone Creek, October, 1906, 

Tons. 
Greenough mine from Upper Elkhorn bod qq 

Henry Clay mine from Lower Elkhorn bed 5q 

Pike mine from Lower Elkhorn bed * 90 
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A very rapid increase in the amount of coal produced and shipped 
was possible as soon as outside construction could be completed and 
a greater number of miners procured.** 

From the above statements it is apparent that here is a coal field 
as yet practically untouched which is just entering upon a period 
of active development. Whether the mines above described are 
located in the be^t part of the field so far as thickness and quality 
of the coal are concerned is a question. Certainly there are areas in 
which the beds are thicker, or at least one bed has a much greater 
thickness than either of those mined on Marrowbone Creek, but in 
one place the body of coal to work upon is small and the cover is 
slight, being located near the top of narrow-crested ridges, and in 
another place the desirable district is much less accessible. It is 
possible that from the beginning here described a considerable min- 
ing industry may grow up and the Elkhorn field of Kentucky become 
known for the excellent quality of its steaming and coking coal. 

MARKET. 

The natural outlet for the coal and coke of the eastern Kentucky 
fields is the Ohio Valley. Geographic conditions make the market 
of the immediate future lie to the north, west, and south. The Appa- 
lachian Mountains form a natural barrier which hinders the delivery 
of coal to the east. There is a possibility, however, that within a 
few years there may be a railroad from the Atlantic seaboard directly 
across the mountains to this coal field. The market in the Ohio and 
Mississippi valleys is of sufficient size to handle all of the coal that 
will be poured into it. With Chicago receiving 10,000,000 tons of 
bituminous coal annually, Cleveland 6,000,000, Cincinnati 4,000,000, 
and Toledo and St. Louis 7,000,000 each, there is an abundant market 
to which the Elkhorn field is directly accessible. 

The Chesapeake and Ohio Railway, as explained in the introduc- 
tion, extends into the heart of this field. It needs but the construc- 
tion of a few miles of track to bring any point in the field in direct 
connection with the main line. Millard, at the mouth of Russell and 
Levisa forks, is a natural collecting point. The following table shows 
the distances and routes from Millard, in the heart of the Elkhorn 
field, to some of the principal markets which the field may supply:. 

Distances and routes from Millard. 

Miles. 

Ashland and Ironton, via Chesapeake and Ohio Railway 121 

Cincinnati, via Chesapealie and Ohio Railway 2G7 

Columbus, via Chesapeake and Ohio Railway and Norfolk and Western 
Railway 255 

• In April, 1907, the dally capacity of the five mines was about 1,000 tons, but the 
supply of cars was short and irregular. 
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MUea. 
Cleveland, .via Chesapeake and Ohio llailway, Norfolk and Western Rail- 
way, Cleveland, Cincinnati, Chicago and St. Louis Railway 390 

Toledo, via Chesapeake and Ohio Railway, Norfolk and Western Railway, 

and Hocking Valley Railway 379 

Chicago, via Chesapeake and Ohio Railway and Cleveland, Cincinnati^ Chi- 
cago and St. Louis Railway 573 

Indianapolis, via Chesapeake and Ohio Railway and Cleveland, Cincin- 
nati, Chicago and St. Louis Railway 377 

I^xlngton, via Chesapeake and Ohio Railway 245 

Louisville, via Chesai^eake and Ohio Railway 330 

St. Louis, via Chesapeake and Ohio Railway and Southern Railway 604 

Nashville, via Chesapeake and Ohio Railway and Louisville and Nashville 
Railroad 517 

The relation of the Elkhorn field to these markets is ilhistrated in 
the accompanying sketch map (fig. 1). 




^'ci-^ 



Fig. 1. — Sketch map showing location of Elkhorn coal field with relation to markets. 

GBNERAIi GEOI.OGY. 

STRATIGRAPHY. 



GENERAL DESCRIPTION. 

The rocks exposed at the surface in the Elkhorn coal field belong 
to the lower part of the Carboniferous system. They consist, be- 
ginning with the lowest, of the Newman limestone, Pennington 
shale, I^e conglomerate, and a coal-bearing series which has not 
been divided into formations. It is possible that the Chattanoc^ 
shale, which lies next below the Newman limestone, is above water 
level on the north side of Pine Mountain, near the head of Elkhorn 
Creek, but if it is raised above the overturned edges of the coal- 
bearing rocks in this field it is likely that talus from the fault scarp 
conceals it. r^ * T 
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NEWMAN LIMESTONE. 

This formation, which includes all the strongly calcareous rocks 
in this part of the geologic column, is named from Newman ridge, 
in northern Tennessee. It varies in thickness from 200 or 300 feet 
up to 2,600 feet. The formation is not all limestone, but includes 
calcareous and sandy shales and sandstones. Massive and pure 
limestone forms at least the lower half and there are some chert 
nodules at the base. The Newman limestone is well exposed at Big 
Stone Gap, Wise County, Va., where it has a thickness of 829 feet.*» 
The lower 400 feet is solid limestone, and the upper part is com- 
posed of dark shales and sandstones with thin beds of impure lime- 
stone. ' 

In the Elkhorn field exposures of the Newman limestone are nu- 
merous in sheer cliffs on the north side of Pine Mountain, but neither 
the thickness, limits, nor section of the formation could be obtained 
with any degree of accuracy on any of the roads that cross the 
mountain. It is best shown on the Blowing Rock Gap road. Here 
limestone is found through a vertical distance of 650 feet, the high- 
est outcrop seen in the road being about 400 feet below the gap. No 
rocks in place were seen within 100 feet above the highest or below the 
lowest limestone outcrop, so that considering the dip of the beds, 
there is ample room for 1,000 feet of this formation. Shaly sand- 
stones and red shale are contained in the upper part of the forma- 
tion as seen on this road. The limestone itself is blue to drab or 
light gray, and weathers white, so that the outcrops and bowlders of 
it are conspicuous. 

On the road ascending the mountain from Shelby Gap to Osborn 
Gap almost no limestone is exposed. In a vertical distance of 800 
feet between beds of sandstone only one outcrop of limestone was 
noted. On Pound Gap road about 100 feet of limestone is overlain 
by a heavy sandstone supposed to be the bottom member of the Pen- 
nington and»is underlain by 15 feet of shale, below which is sandstone. 
Whether these rocks belong in the Newman is not certain, but it seems 
probable that they do. The lowest outcrop of limestone is about 
250 feet above the supposed line of the fault. The writer is of the 
opinion that only 350 feet of this formation, including sandstone, 
shale, and 100 feet of limestone, is exposed here, and that the lower 
part of the formation, made up of heavy beds of limestone, was 
never raised to the surface. 

PENNINGTON SHALE. 

Above the Newman limestone lies a series of variegated shales and 
sandstones of variable thickness. Green, blue, olive, red, and purple 

• Campbell, M. R.. Geology of the Big Stone Gap coal field of Virginia and Kentucky : 
Ball. IT. 8. Geol. Survey No. Ill, 1893, p. 38. ^ j 
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shales are the distinctive features of the formation. On the south 
slope of Powell Mountain it has an extreme thickness of 1,300 feet. 
At Pennington Gap, the type locality, and at Big Stone Gap it is 
1,025 feet thick; at Hurricane Gap, in Pine Mountain, it is 890 feet- 
thick. At Big Stone Gap there is over 250 feet of fairly heavy sand- 
stone at the bottom of the formation.*" 

On the north side of Pine Mountain at Blowing Rock Gap there is 
a concealed interval of about 100 feet above the highest outcrop of 

limestone. Above this there 
is about 300 feet of sand- 
stone (principally), supposed 
to be the lower portion of 
the Pennington. Overlying 
a very heavy sandstone which 
makes a strong cliff just be- 
low the gap is a mass of 
strongly colored shale which 
is exposed in the gap itself. 
The Lee conglomerate lies 
only a few feet above. There 
is then at least 500 or 600 
feet of Pennington. Either 
the variegated shales and 
thin sandstones which ap- 
pear farther south to the 
thickness of several himdred 
feet were not laid down here 
or a considerable portion of 
them was worn away as a 
land area previous to the 
deposition of the Lee con- 
glomerate. 

At Pound Gap from the 
base of the Lee conglomer- 
ate to the base of a heavy 
sandstone resting on white 
limestone, which is believed to be the top of the Newman, there is a 
vertical interval of 250 feet, but the thickness of the Pennington is 
considerably greater. The dip of the rocks ranges from 18° to 25^, 
but the actual thickness of the formation was not determined because 
the horizontal factor was unknown. Typical red and green Penning- 
ton shales are exposed in the midst of the interval. The accompany- 
ing section (fig. 2) from the north side of the mountain is out of pro- 
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Fig. 2. — Section on road from Tound Gap 
Elkhorn Crook. 
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•CampboII, M. R., Geology of the Big Stone Gap coal field of Virginia and Kentucky: 
Bull. U. S. Gool. Survey No. Ill, 1893, p. 37. 
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portion, the horizontal distance from Elkhorn Creek to the crest of 
the mountain being approximately three-fourths of a mile. 

The thickness of the Pennington formation at Osborn Gap could 
not be determined. The bottom of the highly colored shale is 300 
feet below the base of the Lee, and it is underlain by 50 feet or 
more of sandstone. From the bottom of the Lee to the first lime- 
stone seen in the road is 700 feet vertically. Allowing for the dip 
of the rocks and grade of the road there may be 1,000 feet or more 
of the Pennington at this point. 

LEE CONGLOMERATE. 

Above the Pennington shale and immediately below the coal- 
bearing rocks there is a great thickness of heavy sandstones and con- 
glomerate which is known in this part of the Appalachian region as 
the Lee conglomerate. In the Elkhorn field it has a thickness of 1,000 
feet or more and is composed of thick beds of fine conglomerate at 
the top and bottom, with softer sandstone and shale and one or two 
small coal beds in the middle. 

The Lee conglomerate is exposed all along the crest of Pine 
Mountain at the southeastern edge of this field, and also along Rus- 
sell Fork from the Breaks to a little below the mouth of Elkhorn 
Creek. Elkhorn City is located directly on it, and the formation, 
which rises gradually toward the fault at the mouth of Grassy Creek, 
makes the walls of the gorge below that point. White, opaque 
quartz j>ebbles up to a quarter of an inch in diameter are common 
in the top and bottom members of the formation and give to it the 
name of " hailstone rock." The cementing material is not alwavs 
strong and the quartz pebbles are abundant in the streams that 
flow off the formation. Along parts of the crest of Pine Mountain 
where the base of the Lee has been deeply weathered the surface is so 
covered with j>ebbles as to resemble the ground after a hailstorm. 

The writer did not measure a section of the Lee. The base forms 
the crest of Pine^ountain, and the rest of the formation, dipping 
at an angle of 25°, is exposed on the eastern slope of the mountain 
in Virginia in such a manner that an accurate section can not be 
obtained. At the Breaks of Sandy the Lee is exposed in cliffs 
nearly 1,000 feet high (PL II, 5, p. 14) and so nearly vertical as to be 
difficult of ascent. The formation as shown there appears to be com- 
posed very largely of sandstone. 

A characteristic feature of the Lee conglomerate as noted in several 
places is the very strong cross-bedding within 50 feet of the top. 
This is well exposed at the lower end of the Breaks about 3 miles 
above Elkhorn City. Here between horizontal beds of coarse sand- 
.stone from 5 to 6 feet apart are sandstone strata a foot thick, dipping 
westward at an angle of 20^. 
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There are said to be two or three small coal beds in the L^, but the 
writer did not see any in this district. It is reported on good au- 
thority that a 2-foot bed outcrops at the mouth of Grassy Creek and 
also in the gorge three-quarters of a mile below, but the former was 
not found when sought and the latter is said to be exposed at only 
low stages of the river. 

CX)AL-BEARING ROCKS. 

Immediately above the Lee conglomerate there is a series of sand- 
stones and shales about 2,000 feet thick, which will be described 
in this report as the coal-bearing rocks, because they contain 
all the workable coals and because data has not been obtained suf- 
ficient for dividing them into formations. In the Estillville and 
Bristol folios of the Geologic Atlas of the United States, which con- 
tain descriptions of coal areas south of this in Virginia, rocks 1,200 
feet thick overlying the T^ee are called the Norton formation and 
are overlain by the Gladeville sandstone and Wise formation. It 
is probable that in the Elkhorn region rocks several hundred feet 
thick above the Lee belong to the Norton formation as described 
in Virginia, but the upper limit of the Norton was not definitely 
recognized, and as it is possible that there is considerable thiiming 
of the formations in this direction it seems best in this reconnaissance 
report to make no attempt at a division of the coal-bearing rocks 
into formations. The name coal-bearing rocks in this report refers 
to the series of sandstones, shales, and coals which extend from the 
top of the Ijce conglomerate to the highest rocks outcropping in 
the Flfftwoods area. 

The coal-bearing rocks form the surface of the entire region here 
described except a narrow belt along the north side of Pine Moun- 
tain. Short sections may be measured almost anywhei*e in the field* 
but sections of 600 or 800 feet can be seen to advantage only in the 
bluffs along Russell Fork. In the bluff at the mouth of Elkhorn 
Creek the rocks are exposed from tlie top of the i^ee to the Lower 
Elkhorn coal, a distance of about 800 feet. Here, as elsewhere in 
the field, cliffs are formed by the massive sandstones. 

A generalized section of these rocks made up from measurements 
taken in different parts of the field and averaged represents graphi- 
cally (fig. 3) the sequence of the rocks. It should be understootl 
that the sandstones are massive, thin-bedded, and shaly, and the 
shales are equally variable. Furthermore, the beds change in char- 
acter as well as in thickness along their lateral extent. These facts 
necessarily make a section intended to represent the whole field 
merely a suggestion of the sequence of rocks which is not to be relied 
upon as everywhere true. The section shows that the lower 400 feet 
is more thin-bedded and shaly than the 600 feet lying next above; 
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and it makes plain that the upper 1,000 feet is 
more sandy and the beds are more massive than 
the lower 1,000 feet. Workable coal beds are 
largely in the lower half of the formation. 

The bottom member is a 30- to 50- foot bed of 
dark shale which rests upon Lee conglomerate. 
The road from Elkhorn City to the Breaks is 
cut in this shale much of the way. Above it lies 
a 20- foot bed of massive, yellowish-gray quartz- 
ose sandstone, which is to be seen only on Rus- 
sell Fork and the lower part of Elkhorn Creek. 
It makes a strong ledge which passes below 
water level just below the mouth of Beaver 
Creek. A coal bed averaging 30 inches thick 
and known locally as the Elswick bed lies on 
top of this sandstone. 

Next above this is 60 or 70 feet of shale which 
carries large calcareous nodules. Some of these 
nodules are 1 to 3 feet in diameter. They occur 
at certain horizons rather than scattered through 
the whole shale bed. A section near the mouth 
of Moores Branch shows over 80 feet of this 
shale, but a short distance farther down the 
railroad there is a 10- foot bed of sandstone in 
the midst of it. The shale between the Elswick 
coal and this sandstone is almost black, of a 
somewhat lumpy character, and carries a few 
marine fossils. 

A 40-foot massive sandstone occurs 150 feet 
above the Lee ; then comes 50 feet of thin sandy 
beds and a 25-foot massive bed of sandstone, 
above which lies the Auxier coal. This coal is 
about 3 feet thick and is overlain by 160 feet 
of thin-bedded shales and sandstones, in the 
middle of which is sometimes found a 1-foot 
coal bed. The upper part of this interval may 
in places be occupied by massive rather than 
thin sandstones. 

A coal which is at many places of workable 
thickness lies 160 feet above the Auxier coal, or 
440 feet above the Lee conglomerate. This bed 
is opened at several points on the river below 
Ferrell Creek. For convenience in description, 
it will be called the Millard coal, for it has been 
opened at a number of places near Millard, at 
the junction of Russell and Levisa forks. 
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Between this coal and the one next above, which will be called the 
Bingham bed, there is 150 feet of sandstone. The lower portion is 
thin-bedded and shaly, while the part just under the Bingham coal 
is massive. The Bingham bed is a little-known coal about 30 inches 
thick, which has been opened at only a few places. For convenience 
in description the writer has applied to this coal the name of a man 
living on the head of Ferrell Creek, who oj>ened a pit on this coal 
several years ago. Sandstones, massive and shaly, to a thickness 
of 170 feet lie between it and the Lower Elkhorn coal, which is next 
above. 

The Lower Elkhorn coal is found in this region about 800 feet 
above the Lee conglomerate. It is a bed of variable thickness, 
measuring from 3 to 8 feet. An average of 34 sections taken at as 
many different localities gives a thickness of 4 feet 3J inches for the 
bed. The distance between the Lower and Upper Elkhorn beds is 
180 feet, more or less. Shale or thin-bedded sandstone makes up the 
lower part of this interval, while rather massive sandstone occupies 
the upper half. This makes the Upper Elkhorn coal about 950 feet 
above the base of the formation. 

The Upper Elkliorn coal is from 3 to 9 feet in total thickness. It 
averages about 4 feet in most of the area. This is the thickest of the 
workable coals occurring extensively throughout the field. Two beds 
reported as above the Upper P^lkhorn are so high in the hills that they 
have been prospected but little, and exposures were not seen by the 
writer. One of these is said to be 80 feet and the other about 230 
feet above the Upper Elkhorn coal. Each will yield an average 
thickness of 3 feet of coal. 

Four hundred feet of rocks above the Upper Elkhorn coal are made 
up about equally of sandstone and shale. Then comes a massive, 
coarse-grained sandstone about 100 feet thick, which is exposed at 
the head of Cassell Fork of Marrowbone Creek. Its position is so 
high that it overtops the hills in a large part of the area here dis- 
cussed, and is seen principally in the Flatwoods district. Like the Lee, 
it is very quartzose, has a gray weathered surface, and may possibly 
carry small quartz pebbles, although none were seen in the exposure 
on Cassell Fork. This sandstone is about 500 feet below the upland 
level known as the Flatwoods. 

Above this sandstone lies a series of coal-bearing rocks 600 feet 
thick, which are found in the Elkhorn field only in the elevated 
region between the heads of Elkhorn and Shelby creeks. The detail 
of these beds, as measured by David White, is as follows: At the 
head of Cassell Fork a 17-foot coal bed, known as the Flatwoods 
coal, has been opened about 30 feet above the massive sandstone just 
mentioned. Above this coal is 100 feet of thin-bedded and 150 feet of 
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massive sandstone, some of which is strikingly pink on fresh frac- 
ture. The massive sandstone is overlain by 20 feet of shale, above 
which is a small coal bed. Above the coal is 110 feet of sandy shale 
with a band of limestone nodules near the top. Next above this, or 
380 to 400 feet above the Flatwoods coal, is about 150 feet of massive 
sandstone, which forms a cliff around the edge of the Flatwoods area. 
A coal bloom was seen about 40 feet above this massive sandstone, 
and the highest rocks noted were sandy shale. A 4-foot coal re- 
ported " about 530 feet above the Flatwoods coal, close to the top of 
the hill, may be the one last mentioned. 

STRUCTURE. 
IMPORTANCE OF DETERMINATION OF STRUCTURE. 

In the investigation of any coal field one of the principal questions 
to be answered is, What is the position of the coal beds; are they 
flat, folded, or strongly inclined from the horizontal? This knowl- 
edge is as important as a knowledge of the quality of the coal. In 
the first place, to the prosj>ector a knowledge of the structure serves 
as a guide for tracing the outcrops of the beds. If the structure is 
flat, then the coal should be found at the same elevation on both 
sides of the hill or valley ; if it dips, then the coal may be expected 
at a lower or higher elevation, according as the dip is with or opposed 
to the direction of advance. In the location of mines a knowledge 
of the structure of the field as a whole is invaluable for their success- 
ful development and operation. An outcrop entry or a shaft should 
be so located that there will be natural drainage to it; in other 
words, entry on a coal bed should begin at the lowest point. This is 
essential to facilitate drainage and the delivery of loaded cars from 
the breast to the mouth. Having a knowledge of the structure, an 
engineer can lay out his mine before breaking ground. 

That the rocks do not lie flat in this field is seen readily by noting 
how the Elswick coal dips below the railroad at Moores Branch ; it is 
shown by the way some coal banks drain in and others drain out. 

METHOD OF DETERMINING AND REPRESENTING STRUCTURE. 

The method usually employed in working out the structure of a 
coal field where the rocks have not been excessively disturbed is to 
select some conspicuous member of the formation and obtain its 
actual or relative elevations by aneroid, hand level, or -spirit level at 
as many points as possible or necessary throughout the area. The re- 
lation of the reference stratum to any particular coal bed being 
known, and the interval between the beds being, presumably, practi- 

• CrandaU, A. R., Coals of the Big Sandy Valley : Kentucky Geol. Survey Bull. No. 4, 
1905, p. lie. ' r^ 1 
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cally constant over a limited area, the lay of the coal can be worked 
out from the elevations on the reference stratum. Structure may be 
represented by cross sections or by contour lines. The latter method 
gives the information much more completely than is possible with 
cross sections and is being commonly used. Contours are lines con- 
necting points of equal elevation on an inclined surface. They show 
both the direction and rate of dip or inclination of the bed which 
they are intended to represent. The contours on the map (PI. I, in 
pocket) are drawn from data on the map of the Elkhom field made 
for the Big Sandy Company by E. V. d'Invilliers. In his survey 
D'Invilliers prospected for the Lower Elkhom coal and obtained its 
elevation above sea level by vertical angles wherever it was found. 
With the information thus obtained, he represented the structure on 
his map by 20-foot contour lines. The structure given by D'Invilliers 
was checked as far as possible by the writer, and the result is much 
more accurate than any that could have been obtained with an aneroid 
barometer in the course of a reconnaissance survey. The map accom- 
l>anying this report is on a smaller scale, and 50-foot contour lines 
are shown, practically reproducing the structure as determined by 
D'Invilliers, with some changes based on notes by the author. Eleva- 
tions are based on a Chesapeake and Ohio Railway bench mark on a 
stump at the mouth of Marrowbone Creek, 736.99 feet above sea level. 

CAl\SE OF FOIJ>ING. 

Originally laid down fiat, the rocks in the Elkhorn coal field are 
now inclined and slightly folded. This folding was produced by 
pressure or squeezing of the earth's crust. Tlie position of the rocks 
wliere they have broken and one side has overridden the other indi- 
cates that the disturbance resulted from a lateral thrust from the 
east. Forty or more miles to the southeast, in tlie Great Appalachian 
Valley, the rocks are strongly folded and faulted, but from Sandy 
Ridge westward through Pike County the disturbance and crump- 
ling is very gentle, except for the break along Pine Mountain. The 
etfects of the lateral thrust die out westward until they become recog- 
nizable only by close leveling. 

STIUICTURE OF THE COAL FIELD. 

Pine Mountain marks a great break in the rocks forming the 
earth's surface. Along the north side of the mountain just under 
the crest there is a fault which raises rocks lying normally far below 
the coal formation to the surface and thnists them up ovjer the coal 
measures. How great the disturbance has been is shown by the 
position of the Lee formation, which is over 1,000 feet thick. The 
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top of this formation is just above water at the mouth of Elkhorn 
Creek, while the bottom of it, on the opposite side of the fault, has 
been shoved up until it marks the crest of the mountain at Blowing 
Sock and Pound gaps. In fact, at Blowing Rock the conglomerate, 
which is the base of the Lee formation and which is more than 1,000 
feet below the surface at Elkhorn, is slightly above the gap. 

The displacement at Blowing Rock Gap is probably more than 
2,000 feet, but it may not exceed 1,000 feet at the Breaks of Sandy 
and seems to decrease rapidly from there northward, becoming per- 
haps merely a plunging anticlinal fold near the head of Grassy 
Creek. 

Because of the drag of the overthrust, the rocks on the north side 
of the fault for a few rods are overturned. This can be seen in the 
Breaks of Sandy, where a diagrammatic section is shown in the 
rocky gorge. Rocks approaching the fault in a nearly horizontal 
attitude are turned up and over, and stand now at an angle of 70°. 
Farther south along the mountain these rocks seem to be overridden 
so far that their overturned edge is hidden beneath the mountain. 

From the face of the fault scarp on Pine Mountain to Elkhorn 
Creek the rocks have a strong westward dip. Thence through the 
eastern Kentucky coal field there is a general decrease in elevation 
to the west. Although there is a predominant dip in one direction 
the rocks are slightly waved or folded, and these minor features 
rather than the general structure of the region are of the greatest 
importance to mining operations. It will be seen by the structure 
lines in red on the accompanying map (PI. I) that the Lower Elk- 
horn coal, which is the surface represented by the contour lines, is 
1,740 feet above sea level on the right fork of Beaver Creek, and is 
nearly 500 feet lower at the mouth of Russell Fork. Although the 
dip is very regular along the river there is a small basin or syncline 
extending from the head of Cassell Fork in a north-northwest direc- 
tion to Daniels Creek and parallel with it an arch or anticline that 
can be traced easily from Shelby Gap to the head of Wolfpit Fork. 
In the western portion of the territory the dip is very regular to the 
west at 75 feet to the mile. The inclination of the coal beds scarcely 
exceeds 125 feet per mile in any locality. 

The position of the anticline with relation to Marrowbone Creek 
is such as to facilitate mining operations on both sides of the creek, 
giving natural drainage and easy grades for haulage in the mines. 
The determination of structure in advance of actual mining is recog- 
nized to be of prime importance in the selection and development 
of coal properties. 
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CORRELATION OF BLKHORN COALS. 
By David White. 

The equivalents of the Elkhom coals in the region to the north- 
west of the junction of Levisa and Russell forks of Big Sandy 
River have not been worked out completely. Owing to the snowy 
weather incident to the lateness of the season, field work in eastern 
Kentucky in 1906 was terminated before the geologic section had been 
carried to the Russell Fork basin so, as to tie definitely with the key 
rocks of that area. The probable economic horizons were traced, 
both paleobotanically and stratigraphically, from the Kenova quad- 
rangle on the Ohio River to Pikeville. Above Pikeville but little 
stratigraphic profiling was accomplished and but few fossils were 
collected for the reasons stated above. Consequently, in view of 
the incompleteness of the work and the lack of adequate data, I am 
obliged to propose only tentative and preliminary correlations, 
leaving the final and absolute determination or verification until 
the data may be sufficiently amplified through additional paleonto- 
logic or stratigraphic information. 

Under the conditions prevailing at the close of the season it was 
possible to give but a portion of a single day to the collection of 
material from the Elkhom coals in the Russell Fork region. This 
material, gathered from the upper and lower beds worked at the 
Pike mine, at the head of the railroad spur along Marrowbone Creek, 
leaves much to be desired, for although the material is richly fossilif- 
crous the rock dump of the mine was so deeply covered with snow 
as to make collecting most difficult and inconclusive. 

Although subsequent and more adequate collections may seriously 
modify these tentative correlations it appears probable from the 
paleobotanical data in hand that the upper bed at the Pike mine — the 
Upper Elkhom — is the same as the coal worked on Ferguson Branch 
and Ix)wer Chloe Creek near Pikeville. Similarly, the fossils ob- 
tained from the Lower Elkhom coal at the Pike mine seem to repre- 
sent the flora of the lower or Syck coal, worked for local consump- 
tion on Lower Chloe Creek near Pikeville. I expect that further 
paleobotanical work in the region will confirm these correlations, 
whi^'h must, however, for the present be regarded as provisional. 

Assuming the reference of the Elkhom coals to be correx^t the 
following correlations will obtain. The sandstone immediately or 
but a very short distance above the Elkhom coal is a fairly well 
marked stratigraphic member, becoming very distinct in the region 
of Paintsville, where it overlies the Paintsville (or Prestonburg) coal 
and is clearly traceable to its point of disappearance near River 
station. The Ferguson Branch coal, which I believe to be the same 
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as the Upper Elkhoni coal, lies in the upper part of a thin band of 
shales carrying locally workable beds all the way from Pikeville to its 
disappearance below water level at River station. The Paintsville 
coal lies at the top and the coal worked at Harold and opened at 
several other points lies at the base of this thin belt of carbonaceous 
shales, which seldom exceeds 45 feet in thickness. To this horizon 
belongs the coal opened on Stonecoal Run at Wagner and at Hemlak. 
The heavy sandstone underlying this thin shale is continuous to its 
disappearance below Buffalo station, and throughout most of its 
exposure is characteristically massive, gnarly, and freqi'tently in a 
very uneven basal contact with underlying blue argillaceous shales. 
It is finely exposed along Levisa Fork in the vicinity of Dwale, from 
which it might appropriately receive its name. 

The Syck coal, to whose horizon I tentatively refer the Lower 
Elkhorn coal, lies above another heavy sandstone, well exposed in 
the banks of the river and along the railroad track at the lower 
end of Pikeville. To this sandstone, which first rises above the 
i-ailroad track a short distance below the twenty-fifth milepost, or 
about 1^ miles below Pikeville, probably belongs a ledge showing 
in the sides of the valley below the level of the Lower Elkhorn coal 
near the Pike mine. Like the sandstone described above, it is readily 
susceptible of mapping to its point of disappearance. 

Granting that the above correlation of the Elkhorn coals is cocr 
rect, it becomes probable that the group of sandstones about 400 
feet above the Upper Elkhorn coal in the slopes of the Flatwoods 
at the head of Marrowbone Creek is continuous with that associated 
with the Leslie coal near Pikeville and the old Peach Orchard coal 
in the vicinity of Richardson. I regard it as a member which may 
be readily mapped along Levisa Fork to its point of entrance into 
the Kenova quadrangle, where it falls within the Pottsville forma- 
tion. 

It was not practicable to attempt to determine paleobotanically 
the boundary between the Pottsville and the Allegheny formation in 
the Flatwoods region. I can only add that within the limited time 
available on the occasion of a hasty climb to the Flatwoods summit, 
the few fossil plants gathered from the roof of the great bed of coal 
known as the Flatwoods coal, which lies about 550 feet above the 
Upper Elkhorn coal, distinctly show the Pottsville age of the bed, 
referring it to the Kanawha formation, and leave no room for doubt 
as to the Pottsville age of the heavy sandstone ledge, 100 feet or more 
above the coal. No opportunity was offered to search for fossils in 
beds above this sandstone, but I am inclined to believe, in view of 
the age of the big coal just mentioned and of the probable expansion 
of the Kanawha formation to the eastward, that the sandstone form- 
ing the floor of the Flatwoods plateau and cropping out as cliffs 
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around the brow of that area may also be found eventually to fall 
within the limits of the Pottsville. If so, they will, perhaps, con- 
stitute the uppermost member of that formation. 

The present state of knowledge does not justify a correlation of 
the Elkhorn with the coal beds in the Norton or Big Stone Gap 
region. It may, however, be remarked that the species of fossil 
plants from the Lower Elkhorn appear to bear a close relation to 
such material as I have been able to secure from the Banner group 
at Dorchester, near Norton. 

The scanty paleobotanical evidence in hand indicates that the Elk- 
horn coals belong to the lower portion of the Kanawha formation, the 
Ferguson Branch (Pikeville) coal being probably at or near the 
horizon of the Peerlass or Cedar Grove coals, on the Kanawha 
Kiver. 

The designation of the Paintsville coal as " Coal No. 1 " and the 
application of numbers, such as " 1 " or " 3," to the Elkhorn coals is 
both erroneous and misleading. Local names for the coals are far 
preferable in every way. The application of a numerical nomen- 
clature to the beds is on all accounts to be discouraged locally and 
should be abandoned in all publications. 

ECONOMIC GEOIX)GY. 

GENERAL CHARACTER AND OCCURRENCE OF THE COAL BEDS. 

INTRODUCTION. 

In this section the stratigraphic position and extent of each of the 
coal beds is described in order to give the reader an idea where each 
coal is to be found and how much of the territory it underlies, and to 
indicate the general features of its occurrence. In the succeeding 
section detailed descriptions of the various beds as revealed through- 
out the field by natural exposure, prospect trenches, pits, and mines 
will be given. 

Correlations of the coal openings in this field have been so success- 
ful that it is possible to trace all of the workable beds with consider- 
able certainty throughout the greater part of their extent in the 
region here discussed. For this reason it would be possible to make 
each coal bed the subject of a separate chapter, describing and com- 
paring all the occurrences of that particular coal. It seems desirable, 
however, for the convenience of those who may make use of this 
report, and especially for those who may visit or live in the field, to 
describe under one heading all the coals in any one locality. By 
this method one can find what coals occur on any particular creek 
without examining several parts of the report. The description by 
localities has the disadvantage of not giving a continuous view of 

Digitized by LjOOQIC 



COAL BEDS. 33 

any one coal bed, but this may be remedied somewhat by the grouping 
of sections of the same coal in one illustration. 

ELSWICK COAL. 

Lying 50 to 75 feet above the top of the Lee conglomerate and 
resting on a bed of massive sandstone from 20 to 30 feet thick is a 
workable bed known locally as the Elswick coal. Being slrati- 
graphically the lowest of the coals in this field, the Elswick has the 
shortest outcrop. It rises above the waters of Russell Fork close to 
the mouth of Little Creek about 1 mile below Elkhorn City, and 
keeps above the river to the fault at Grassy Creek, a distance of 4 
miles. It falls below the level of Elkhorn Creek between the 
mouths of Big Branch, and Pond Branch, 1 mile above Elkhorn 
City. The horizon of this coal, therefore, underlies practically the 
entire field, but whether the coal exists and has a workable thick- 
ness elsewhere than in the immediate vicinity of the short outcrop 
just described is yet 
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bed is probably nearly equal to that of any other coal in the field. It 
may be considered as an available reserve, but will not be mined ex- 
tensively so long as thicker beds outcrop in the sanie locality. 

AUXIER COAL. 

At a distance of 260 feet above the Lee conglomerate and about 
500 feet below the Lower Elkhorn coal is the Auxier coal. It usually 
rests on a 30-foot sandstone more or less massive in character, and 
is overlain by shale. This bed has been found at frequent intervals 
along the creeks in this area and is recognized with some degree of 
certainty by its size and relative position in the geologic colunm. 

If the correlation is correct, an 18-inch coal bed, said to occur 
in the bed of Russell Fork at the mouth of Biggs Branch, is the 
most northern outcrop of this coal in the Elkhorn field. Coal at the 
mouth of Lower Lick of Harless Creek and at Joe Looney's on 
Road Creek is believed to be the Auxier, and openings in the hol- 
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lows on the left of Ferrell Creek as far up as the sehoolhouse at 
the mouth of Sprucepine Fork are tentatively assigned to the same 
bed. Continuing up Russell Fork prospects are found on Beaver 
Creek, Little Creek, and three-fourths of a mile up Moores Branch. 
The outcrop has been traced up Elkhorn Creek to where it goes 
under water just below Kettlecamp Branch, and although the coal 
was not seen on Russell Fork above Elkhorn City, the underlying 
rocks were traced to Grassy Creek and a coal which has been opened 
on Trace Fork one-fourth of a mile above Riley Cavin's place was 
recognized as probably being the Auxier. An average of 14 sections 
gives the bed a thickness of 2 feet 9 inches. The maximum is 4 
feet 6 inches and the minimum 1 foot 8 inches. 

MILLARO COAL. 

This bed has been opened in several places near the confluence of 
Levisa and Russell forks and is known there as " The Forks " bed. 
Obviously this is not a desirable name to perpetuate, and the name 
Millard, which is the name of the post-office at the forks, is adopted 
for facilitating description and reference. The coal is 450 feet above 
the base of the formation and 300 to 350 feet below the Lower Elk- 
horn. It lies usually under a massive sandstone and on top of either 
sandstone or shale. Although the bed has an average thickness of 
3 feet, the amount of available coal is barely 2 feet, on account of the 
clay partings. 

The distribution of this coal in the area here described has not 
been determined so well as has that of the other beds. This is be- 
cause it is unimportant, scarcely to be classed as workable, and there- 
fore it has been prospected but little. It is possible that in a de- 
tailed survey of the region the uutcrop could be traced, but in recon- 
naissance work of this sort it could not be mapped with thorough- 
ness. The map (PI. I, in pocket) shows the outcrop of this coal ex- 
tending from Millard, along the river, up Powell Creek to Lick 
Fork, over a mile up Biggs Branch, and running up both forks of 
Daniels Creek. It is seen on Harless and Jimmie creeks, on Road 
Creek at Isam Fork and the mouth of Middle Fork, and on Fer- 
rell Creek at the mouth of Bingham Fork. On Marrowbone Creek 
this coal is open in several places, and is best seen at the Marrow- 
bone mine, where there is a pit a few rods east of the tipple. The 
coal also shows in the railroad cut near Johnson Fork. It was not 
seen on Elkhorn Creek. 

BINGHAM COAL. 

This coal was recognized by the writer as one not previously de- 
scribed. Its position is approximately 180 feet below the Lower 
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Elkhom coal and in the midst of sandstone. It was first noted at 
E. B. Bingham's place, on Ferrell Creek, and later seen on Powell 
Creek and under the incline at the Marrowbone mine. The expo- 
sures are so few that a connected line of outcrop can not be shown on 
the map. The bed varies according to 4 sections from 2 feet 6 inches 
to 4 feet 5 inches in thickness. 

LOWER ELKHORN COAL. 

Thorough prospecting for this bed in all parts of the field by both 
residents and investors has brought to light more information con- 
cerning the Lower Elkhorn than any other coal in the region. Pros- 
pect trenches have been cut to the crop at short intervals in much of 
the field, small pits kept open by timbering are plentiful, and five 
mines show the character of the bed under cover. Under these con- 
ditions it can be traced from point to point with considerable cer- 
tainty. The line on the map representing the outcrop is taken from 
the map of d'Invilliers and is considered accurate, part of it having 
been run by stadia. On the map (PI. I) the boundaries of coal areas 
where shown by solid lines are regarded as more accurate than where 
shown by dotted lines. 

The Lower Elkhorn coal is between 750 and 800 feet above the Lee 
conglomerate. As described in the chapter on stratigraphy, it usu- 
ally crowns a more or less massive sandstone, which may be from 20 
to 60 feet thick, and it is overlain by shale or thin-bedded sandstone. 
The underlying sandstone serves in some places as a guide to the loca- 
tion of the coal, making a ledge on top of which the coal should be 
found. 

This coal is always high above the main drainage and passes below 
water level only close to the heads of the streams. Its altitude above 
Russell Fork is from 500 to 800 feet, and as the dips are not strong 
the outcrop extends up the side valleys to their very heads. As will 
be seen by the accompanying map, the outcrop of the coal delineates 
every valley, and is found throughout the field except on the south 
side of Elkhorn Creek. For this reason no further description of 
the distribution is deemed necessary. Although the coal is several 
hundred feet above the river, it is not so high but .that the hills rise 
considerably above it and leave an extensive body of coal with con- 
siderable cover. The Lower Elkhom bed appears to be of workable 
thickness throughout the field, averaging over 4 feet. There is, how- 
ever, a feature of this bed, so common in most of the field as to be 
characteristic, which greatly reduces its value from a mining stand- 
point and leaves only three-fourths of the bed to be reckoned as avail- 
able fuel. This unfortunate feature is the so-called laminated coal. 

" Laminated " is a term applied to bony coal which is composed 
of alternating lamellae of bone and bright coal. The streaks of bone 
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give strength, so that it mines in hard, flat slabs, but they also make 
it high in ash. In the Elkhorn field the term is applied also to the 
soft, flaky, slickensided coal which emits a dull sound when struck 
and which breaks into small chips when mined. The true laminated 
and the cnished flaky coal occur commonly in the Lower Elkhorn 
bed in this field and are found also in the Tapper Elkhorn bed. 

Bony and flaky coal usually forms the upper part of the Lower 
Elkhorn bed, but it may be in the middle and overlain by solid block 
coal. The flaky, crushed material usually exceeds the bony coal in 
thickness. In this report the term " laminated " coal refers to the 
bony, flaky portion of the beds, in accordance with the usage in 
the field described. 

The soft and flaky portion of the Elkhorn beds breaks into chips, 
which have many smooth, polished surfaces; it may have schistosity 
developed in it parallel or oblique to the normal bedding, and in 
places is rolled and twisted into a rumpled mass, which is strikingly 
different in appearance from a normal bed of bituminous coal. It 
appears to have been subjected to crushing between laterally moving 
strata, and in that respect resembles the Widow Kennedy coal bed 
as exposed at Dante and other places in Virginia. The crustal 
strain which found relief in the Pine Mountain fault probably was 
partly taken up in the Lower Elkhorn coal. Whether the over- 
thrust at the fault produced a single westward movement of a few 
inches in the beds down to the Lower Elkhorn coal or whether 
the movement was a forward-and-back jarring motion is not certain, 
but it seems plausible that the broken condition of the upper part 
of this bed was produced by slight lateral movement of the overlying 
beds. 

The laminated coal ignites quickly and burns readily under a 
strong draft, but it is high in ash, and for that reason and because so 
much of it breaks down to slack on handling it is undesirable as a 
steaming coal. The experience of the companies operating on Mar- 
rowbone Creek has been that the inclusion of the laminated coal in 
run-of-mine shipments was objectionable to their customers, as it 
gave them a fuel with an undesirably large amount of slack and 
clinker. 

The common section of this bed on Marrowbone Creek is 30 to 36 
inches of solid coal overlain by 9 to 20 inches of laminated coal. If 
tlie lamination is due to movement, it would be natural to expect that 
it would disappear to the west with increasing distance from Pine 
Mountain fault. The evidence on this point noted by the writer is 
that the greatest thickness of laminated coal is on Big Branch of 
Elkhorn Creek, which is near the fault, and that there is little or 
no lamination apparent in the few openings seen on Kockhouse and 
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Wolfpit creeks. A coal, probably corresponding to the Lower Elk- 
hom, mined in the John Robinson bank on Pompey Creek 2 miles 
north of Millard, shows no lamination. 

UPPER ELKHORN COAL. 

The position of this bed is from 160 to 190 feet above the Lower 
Elkhorn or 900 to 1,000 feet above the Lee conglomerate. It is in a 
portion of the geologic column that is made up largely of heavy- 
bedded or massive sandstone. Geographically it is located in the 
high land, being from 700 to 900 feet above Russell Fork, and there- 
fore near the tops of the ridges along the river. Between Russell 
and Levisa forks this coal occurs only in long narrow bodies in the 
crests of the divides, but west of Russell Fork the dip of the rocks 
brings the coal down so that it underlies broad areas between Shelby, 
Marrowbone, and Elkhorn creeks. It can be found throughout the 
entire region by going high enough on the hills. 

East of Russell Fork, in the vicinity of Ferrell Creek, the Upper 
Elkhorn coal ranges from 5 to 7 feet thick, with only 4 to 8 inches of 
waste. On Marrowbone Creek 9 sections give an average of 3 feet 
10 inches for the thickness of the bed, and 3 feet 2 inches of this is 
the average amount of marketable coal. The range in thickness of 
the whole bed on this creek is from 2 feet 10 inches to 5 feet and of 
the solid coal from 2 feet 5 inches to 4 feet 4 inches. 

At the head of Elkhorn Creek, where the Upper Elkhorn attains 
extraordinary development, the thickness of the entire bed at 7 
localities ranges from 7 feet 8 inches to 9 feet 4 inches, with an 
average of 8 feet 7 inches. The amount of marketable coal in this 
bed around the head of Elkhorn Creek averages 7 feet 9 inches. 

Twenty sections from all parts of the field give the Upper Elk- 
horn an average thickness of 6 feet, but the average amount of 
marketable coal is only 5 feet 4 inches. It should be borne in mind, 
however, that 7 of these sectioas are from a very small part of the 
field where the bed is exceptionally large. The other 13 sections, 
which represent more nearly the normal condition through much 
the greater part of the field, gives an average thickness of 4^ feet for 
the whole bed. 

FLATWOODS COAL. 

The Flatwoods coal is approximately 1,500 feet above the Lee con- 
glomerate. Its altitude is so great that it occupies only two small 
areas of the greatest elevation in the field. The larger area, which 
has an irregular shape, lies at the head of Marrowbone Creek and 
the smaller one is at the head of Poorbottom Creek. They contain 
about 2,300 acres. The thickness of the bed around the head of 
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Cassell Fork varies from 14 to 18 feet. Only the iipi>er 7 feet of the 
bed can be mined advantageously, the lower portion being in large 
part heavy bands of clay. 

DETAILED DESCRIPTIONS. 
INTRODUCTION. 

In this section the occurrence of the coals as they are exposed in 
natural outcrop, prospect trenches, pits, and mines, is fully de- 
scribed. The description of the coals is arranged by creeks. Each 
coal bed in a creek basin is discussed separately, beginning with the 
lowest. As descriptions of the creek areas do not include a few 
exposures along Russell Fork, these are given under the heading of 
the nearest main creek on the same side of the river. That part of 
the field on the east side of the river is described first. It is customary 
in this region to speak of the branches and sides of a stream as 
" right " or " left " as they are encountered in going upstream^ and 
that usage is followed in this report. 

The graphic sections are arranged in groups, so that all sections of 
any one coal, as far as possible, are in the same figure. 

POWELL GREEK AND MILLARD. 

Geologic section. — ^The rock exposed at water level from the mouth 
of Powell Creek to Millard, or " The Forks," is shale, which is be- 
lieved to lie close above the Auxier coal. The Millard bed is about 
175 feet above the river and is in the midst of 100 feet of sandstone. 
On Powell Creek a coal bed of which little is known is found 130 feet 
above the Millard, and the Lower Elkhorn appears to be 340 feet 
above the Millard. Above the Lower Elkhorn at vertical distances 
of 125 and 200 feet there are coal beds of workable thickness. A 
partial section of the succession of rocks in this vicinity is given in 
the columnar section sheet (PI. III). 

Millard coal. — At the forks of Big Sandy, where this bed is called 
" The Forks " coal, there is an old pit in the hill above Al. HuflF- 
nian's house on the northwest side of the river about 175 feet above 
the water. It was opened many years ago and is still accessible 
because the overlying sandstone ledge makes an excellent roof. Coal 
has not been mined here for some years, the supply for the neighbor- 
hood being hauled from Pompey Creek. The bed (1)*» lies between 
massive sandstones and shows 23 inches of coal with a few inches of 
shale above and below. 

An opening once made on this coal back of J. W. Ford's store, 
which is also Millard post-office, at an elevation of 175 feet above the 
river, is caved, but is reported to have shown 2 feet of coal. Three 



«A number In parenthesis refers to the number of a graphic section In a figure and to 
the location of the same section on the map. 
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BIGGS BRANCH. 39 

old openings near the schoolhouse between Millard and the mouth of 
Powell Creek developed from 26 to 28 inches of clear coal. The 
Millard bed varies slightly in thickness on Powell Creek. According 
to rei>ort it is 22 inches thick in a small draw on the left, about one- 
fourth mile from Policy's store, and a little above the mouth of Lick 
Fork is 18 inches thick (2). 

Bingham coal. — Farther up the main creek on the right hillside, 
just above Mrs. Hunter's, is an entry driven in 40 feet under a sand- 
stone roof which shows (3) a 3-foot bed. 

Lower Elkhom coal, — In the first hollow on the left of Mead 
Fork, one-fourth mile beyond and 200 feet above Mrs. Mead's house, 
there is a bank from which coal has been taken recently. It is at 
an altitude (aneroid reading) of 1,300 feet and is regarded as the 
Lower Elkhorn. The drift has been driven about 40 feet S. 70° E. 
and drains out. The roof is sandstone and the floor shale, and the 
bed is 40 inches thick (4). Laminated coal from 13 to 16 inches 
thick forms the upper part of the bed and is separated from the 
block coal, which is from 23 to 26 inches thick, by a one- fourth inch 
bone parting. 

On the right bank of the main fork of Powell Creek about three- 
fourths mile above the mouth of Mead Fork and at an elevation of 
1,300 feet is a pit opposite a cabin. The coal has been dug along 
the outcrop for 15 feet, showing a sandstone roof, 15 inches of lami- 
nated coal (5) and 20 inches of the lower bench. The whole thick- 
ness of the bed was not seen. This is a very different section from 
that in the John Robinson bank on Pompey Creek, where the bed 
is 4 feet thick and is all solid block coal except 4 inches of bone 10 
inches above the floor. 

Upper Elkhom coal. — On the same side of the branch and 135 
feet higher in the hill is a prospect which shows 2 feet 8 inches of 
solid coal with a one-fourth inch clay streak a little above the mid- 
dle. Thirty feet above it is a 6-inch coal and 50 feet higher a pros- 
pect shows a bed over 4 feet thick (6). Whether this bed or the one 
80 feet below it is the Upper Elkhorn is not certain. At the head 
of the main fork an old bank belonging to D. C. Potter is partly 
caved, but it shows 3 feet 2 inches of solid coal and 4 inches of bone 
at the base. This bank is said to have been open twelve years and to 
have two rooms driven east and northeast which drain out. The 
elevation is the same as that of the 2-foot 8-inch bed farther down 
the creek, 1,440 feet above tide, and it is supposed to be the Upper 
Elkhom. 

BIGGS BRANCH. 

Millard coal. — Openings on the Millard coal were once made in the 
hill pasture 180 feet above Jim Goff's blacksmith shop, and also at 
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Winwright's, on the west side of the river opposite Goff's. Four feet 
of coal is reported in each of these, but the measurement could not be 
verified, as the coal is hidden by the caving of the banks. Little more 
than a mile up Biggs Branch the Millard coal has been dug on hoih 
sides of the creek a few feet above the stream. On the left a semi- 
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circular opening 30 feet long and 20 feet deep shows a 21-inch bed 
(7) of coal with a shale floor and sandstone roof. In the right bank 
the bed has the same thickness, and three or four pits within a dis- 
tance of 50 yards along the crop have been driven in 20 feet. 
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Elkhom coals, — Two miles up Biggs Branch, on the right bank 
behind Isaac Lee's cabin, which is at the forks, and about 150 feet 
above the cabin, there is an interesting occurrence of a double bed 
of coal which is at about the horizon of the Lower Elkhorn. The 
prospect on this coal is driven S. 10° W., is timbered, and drains in. 
The section of the entire bed (8), beginning at the top, is as follows: 
Clay, soft and dirty coal, 16 inches; block coal, 2 feet 2 inches; shale, 
6 feet; coal, 2 feet; bony coal, 7 inches; shale floor. No similar 
section was seen anywhere in the field. On the right side of the left 
fork and 30 feet higher than the double coal just described a trench 
reveals a bed (9) nearly 5 feet thick and mostly bone. Below the 
bottom clay is coal and bone of undetermined thickness. This sec- 
tion may improve on driving in. 

In the same hollow as the last and 70 feet above it a trench shows 
2 feet 6 inches of coal, and on the opposite side of the spur, 80 feet 
higher than the prospect just mentioned, or at an elevation of about 
1 ,440 feet, there is a 4- foot bed, which is all coal except a 4-inch shale 
band 8 inches above the floor. The position of this bed corresponds 
with that of the 50-inch bed (6) in Powell Creek, and the 2-foot 
6-inch coal here with the 2-foot 8-inch on Powell Creek. It will be 
seen by the section of the exposures in this branch given on the colum- 
nar section sheet (PI. Ill, sec. 2) that the double bed at Lee's is the 
same distance above the Millard coal as is the Lower Elkhorn on 
Powell Creek, and that each section has a coal bed not found in the 
other. 

DANIELS CREEK. 

MtUard coal. — The presence of this coal on the left fork of the 
creek was reported, but search at that point failed to reveal anything 
of the pit said to have been dug close to water level. On the right 
fork at an elevation of 975 feet, or 160 feet higher than the forks, 
and on a trail along the left hillside, Mose Coleman has a small open- 
ing on the Millard coal which lies between beds of sandstone. It has 
21 inches of coal with 2 inches of bone for a roof (10). 

Lower Elkhorn coal. — ^The only opening on this coal known on 
Daniels Creek is a prospect driven by Elijah Anderson in the right 
bank just above water and close to his house, which is at the head of 
the left fork. Here over the usual sandstone is a bed of coal more 
than 4 feet thick (11) and separated from an overlying sandstone by 
4 feet of shale. Twelve inches of laminated coal lie above a 2-foot 
bench of solid coal. Mr. Anderson reported 4 inches of bone and 1 
foot of coal occurring below the 2-foot bench. The elevation of this 
opening, obtained by aneroid, is 1,300 feet, and shows the continua- 
tion of the syncline on the north side of the river. 
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HARLES8 CREEK. 

Auxier coal, — Probably the oldest coal bank in this vicinity is one 
opened by Buck Hilton about thirty years ago on land belonging to 
Butler Ratliff situated on the main fork of Harless Creek between 
Upper Lick and Lower Lick. It is just above water level on the 
right bank and 1 J miles from Regina. A demand for coal for a dinky 
locomotive which was hauling logs out of Harless Creek was the 
reason for opening the bank. K chamber about 30 feet wide was 
excavated and the roof was supported by timbers, but these are giving 
away and the bank is in danger of caving. The roof and floor are 
shale. Some coal was taken from this bank in the winter of 1906. 
The section of the bed (13) resembles more closely the Millard coal 
opened at Coleman's one- fourth of a mile below E^gina than it does 
any of the sections of the Auxier, but its position as determined by 
road sections and the interval between it and the Lower Elkhorn 
on Lower Lick lead to the conclusion that this much-parted bed is 
the Auxier. 

Millard coal, — About 1^ miles below the mouth of Harless 
Creek, on the left side of Schoolhouse Hollow, perhaps 200 yards 
from the road, there was once an opening and chute at the Millard 
coal, which is reported to be 2 feet thick. It is at an elevation of 
175 feet above the road, or 980 feet above tide, rests on 60 feet of 
sandstone, and has a shale roof. The general structure along the 
river is shown by the gradual rise of this coal bed toward the east. 

Probably the largest pit yet opened on the Millard coal is that 
from which H. E. Coleman has taken fuel for the past ten years. 
It is situated on the right side of the hollow which opens at his 
house, opposite Marrowbone station, at an elevation of 250 feet above 
the river, and is reached by a haul road. The bed lies on 50 feet of 
heavy sandstone and has a sandy shale floor. It is 4 feet 4 inches 
thick (12), and the coal is in three benches. A drift has been driven 
125 feet S. 25° E. This bed is exposed farther up the hollow at the 
stable built by David Sanders. An analysis of the Millard coal, made 
from a sample taken by the writer at the Coleman bank, is given on 
page 72. 

Birigham coal, — An 18-inch bed, which carries considerable iron 
pyrite and outcrops in the bed of Harless Creek at Will Ward's 
house, is believed to be at the same horizon as the 3-foot coal at 
Hunter's, on Powell Creek, and at Bingham's, on Ferrell Creek. Its 
position is 160 to 180 feet below the Lower Elkhorn coal. 

Lower Elkhorn coal, — Four openings on this coal w^ere found on 
Harless Creek at elevations ranging from 1,320 to 1,400 feet. One 
at the head of Righthand Fork was opened in the hillside above 
David Coleman's cabin in 1904. The pit is 20 feet wide and 15 
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feet deep, timbered, and driven southeast. It shows 15 inches of 
laminated on top of 4 feet of solid coal (16). 

On Lower Lick of left fork a trench shows the bed 5 feet thick. 
This prospect can be found by going up the bed of the branch about 
one-fourth mile and climbing the right hillside at a point marked 
by a tree blazed SR. The upper 18 inches of the bed at this point 
looks like cannel coal (15). This bed has been prospected on the left 
side of Com Hollow at an elevation of 1,320 feet and shows a thick- 
ness of 3 feet 3 inches. At the left side of Mose Coleman Hollow, 
which is the first on the left above Will Ward's, a pit opened thirty 
years ago also shows the bed 3 feet 3 inches thick and dipping west. 
The upper 15 inches of the bed is laminated. 

Upper Elkhom coal, — This coal was seen in Mose Coleman Hol- 
low, at the head of Harless Creek, in an old pit on Butler Ratliff's 
land. It measures 5 feet (14), with only one parting, but that is 
rather thick. 

JIMMIE CREEK. 

Millard coal, — On RatliflF heirs' land, about 1\ miles above the 
mouth of the creek, there is a coal bed which, from its geologic re- 
lations and elevation of 1,050 feet, seems to be the Millard. It lies 
between the usual beds of sandstone, but it is much thicker here than 
elsewhere, owing to the presence of shale partings. Section 17, fig. 5, 
shows the character of the bed. 

Sixty feet higher there is a bed in the creek below Thomas Rat- 
liflF's cabin showing over 15 inches of coal. It has a shale roof and 
thin blue clay floor resting on sandstone. 

Elkhom coals. — The Elkhorn coals have not been prospected on 
this creek, and so nothing was seen of them. The Upper Elkhorn 
lies well below the summit of the ridge around the head of the creek, 
but the ridge is so narrow and steep near the top that the remaining 
portion of the coal bed has only a small area. 

ROAD CREEK. 

Geologic section, — The meager section obtained on this creek shows 
the Auxier coal a little over 100 feet above the river, but rising rap- 
idly in the first half mile up the creek. Two hundred feet above 
it is the Millard, and 320 feet higher is the Lower Elkhorn. The 
interv^al between the last two coals is practically the same as in 
Powell Creek and Biggs Branch. The bloom of the Bingham coal 
was seen about 120 feet higher than the Millard on Isam Fork. Sec- 
tion 5, PL III (p. 38) , is a partial representation of rocks on this creek. 

Auxier coal, — Several openings, supposed to be on the Auxier coal, 
have been made at Joe Looney's, 1 mile up the creek. One bank has a 
25-foot drift run N. 30° W., which dips into the hill and is full of 
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water. The bed rests on sandstone and has a shale roof. Only 2 feet 
of coal could be seen in the flooded opening, but it is reported that at 
this, as well as other .openings close at hand, there are 3 feet of coal. 
'J'he rocks dip strongly to the west on lower Road Creek.- 

Millard coal, — ^Eoad Creek shows two openings which are pre- 
sumed to be on the Millard coal. One of these exposures is on Isam 
Fork by the roadside, a short distance from the mouth of the fork. 
It shows a sandstone roof, 1 inch of coal, 3 inches of clay, and 22 
inches of coal. The other opening reveals the same thickness of bed 
imder a sandstone ledge opposite Marshall Farmer's house, at the 
mouth of Middle Fork. Its elevation is 1,072 feet. 

Lower Klkhorni coal. — As there are several pits on this creek ijdiich 
are timbered and kept open, so that coal can be taken every winter, 
the character of the bed is easily studied. In every case the roof is 
shale, and the floor, which could not be seen so readily, probably is 
bone closely underlain by sandstone. The pit nearest the river is 
that of Robert Martin, 1,480 feet above sea, at the head of a branch 
which enters Road Creek on the right less than three-fourths 
mile above the mouth. This bank has been driven 40 feet N. 45° W., 
but it drains in. The bed (20) is 15 inches laminated and 4 feet 1 
inch solid coal. A sample of the solid coal was taken by the writer, 
and its analysis* is given on page 72. 

At the head of Coalbank Hollow Alex Hackney has dug a 20-foot 
drift N. 75° E., and timbered it. The bed is 1 inch thicker than at 
Martin's, the increase being in the solid coal. Around the next spur 
in the head of Cotton Patch Hollow, on John T. RatliflF heirs' land, 
a drift of about the same size and at the same elevation, 1,465 feet, 
sl;ows just 5 feet of coal, the top 15 inches of which are laminated. 
Marshall Farmer has an opening in the left bank at the head of 
Middle Fork, half a mile above his house, where the bed (19) has the 
greatest thickness found on the creek. At the face of the drift, which 
is 30 feet deep and driven N. 15° W., the bed shows a total thickness of 
5 feet 10 inches, 14 inches of which are laminated. Its elevation is 
1,450 feet. An opening on the left side of Main Fork, one-half mile 
above Marshall Farmer's, is caved so that tjie full thickness of the 
bed could not be determined, but the usual 15 inches of laminated 
coal was visible. The last bank to be described on this creek is that 
of 11. G. Belcher, at the head of Isam Fork. The coal is at an eleva- 
tion of 1,420 feet, over 40 feet lower than on the right side of the 
creek at Hackney's bank, showing a westward dip of the rocks. The 
Belcher pit is driven east 10 feet and exposes 5 feet 4^ inches of coal. 
An increase of the laminated to 17 inches is noted here, also the 
ocurrence of a one-half inch clay parting 2 feet 3 inches above the 
floor. In the lower bench there are three or four thin partings, not 
shown in the section (18, fig. 9), which come and go irregularly. 
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These notes show that the Lower Elkhorn bed on Road Creek, exdiid- 
ing the laminated portion, averages fully 4 feet of available coal. 

Tfie Upper Elkhorn coal is so liigh in the ridge that there is only 
a very narrow body of it between Road and Jinimie creeks. No open- 
ings on it were seen. 

FERRELL CREEK. 

Geologic section, — The Elswick coal probably is not more than 00 
feet below the surface at the mouth of Ferrell Creek, for the Auxier 
coal is found 130 feet above the river. One hundred and sixty feet 
higher is a 22-inch coal supposed to be the Millard, and 125 feet 
above that a 2^-foot bed, here described as the Bingham. The 
Lower Elkhorn occurs about 300 feet above the Millard, or at eleva- 
tions ranging from 1,480 to 1,000 feet above tide as the creek is 
ascended. The dip along this creek in a general way is strongly 
northwest. The Upper Elkhorn is 150 feet above the Lower and 
well toward the tops of the hills. On PL III (p. 38) is a section 
compiled from measurements on this creek. 

AiLxier coal. — On Middlefield Branch, on George Belcher's land, 
there is an old opening about 80 feet above the mouth of the hollow, 
in which 2 feet of coal is reported. The rocks rise up Ferrell Creek 
and at the schoolhouse just below Sprucepine Fork this coal shows 
15 feet above the creek. The coal is 22 inches thick and has a blue 
shale roof. It has been dug along the crop tor 100 feet to get fuel 
for the school. 

On Board Fork, one-half mile above Ferrell Creek, there are 3 
old openings on John Belcher's land. One of these is an entry 
driven S. 40° W., down the dip. A small amount of coal has been 
mined from the bed, which is reported to be 3 feet thick. The same 
bed was once opened at Marion Spear's on Shop Branch and is said 
to carry 3 feet of coal. In both of these places the roof is shale and 
the bed is on top of a considerable thickness of sandstone. 

Millard coal, — There is an old bank in the first hollow on the west 
above George Belcher's siore at the mouth of Ferrell Creek at an 
elevation of about 225 feet above the river. The bed rests on heavy 
sandstone and has a shale roof. It carries 2 feet of coal, but is 
broken by shale partings, the thickest of which is 4 inches (21). 
In Hoggston Hollow, at an elevation of 1,100 feet, or 200 feet above 
Ferrell Creek, is a little bank on the Millard coal, owned by George 
Belcher. It shows 2^ feet (22) of coal, and has a shale roof and 
sandstone floor. A coal at water level in the bank of this creek at 
the mouth of Bingham Fork, said by L. B. Roe to be 22 inches thick,, 
is also believed to be the Millard. 

Bingham coal. — Another and a higher coal, perhaps 125 feet above 
this last, has been opened back of E. B. Bingham's cabin, one-half 
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mile up Bingham Fork. It is called a 2i-f oot bed, but the bank was 
caved when the locality was visited, and the report could not be veri- 
fied. The writer gave the bed its name, because the coal was first 
recognized and determined here, where the Lower and Upper Elk- 
horn coals are opened in the same hillside and the intervals between 
the three coals are easily measured. This coal at Bingham's rests 
on 40 feet of sandstone and is about 180 feet below the Lower Elk- 
horn coal. 

Lower Elkhorn coal, — Prospect trenches driven to the Tjower Elk- 
horn coal on this creek have in most cases fallen in, and consequently 
the elevation but not the character of the bed can be obtained. An 
old prospect at the head of Hoggston Hollow shows that the bed is 
at an elevation of 1,490 feet, or about 700 feet above the river, while 
the Clevinger bank, also caved, near the head of the creek, is 100 
feet higher, showing the rise of the rocks to the east. A good open- 
ing is that of Arch Hoggston, a few hundred yards back of his 
house, at the right head of Middlefield Branch. The bed is at an 
elevation of 1,473 feet, has a 3-foot roof of sandy shale overlain by 
sandstone, and measures 5 feet 2 inches thick. The bed is made up 
of 14 inches laminated and 3 feet 11 inches of solid coal with a 1-inch 
clay parting 14 inches above the floor. 

On Sprucepine Fork at an elevation of 1,540 feet, on the spur be- 
tween the main branches, a prospect trench was cut in August, 1906, 
which shows the bed to be 8 feet 4^ inches thick. This is an imusual 
thickening, and is due, as is the increase at almost every opening on 
Ferrell Creek, to the addition of a clay parting and another bench 
of coal to the bottom of the bed. The section in detail at this open- 
ing, which is on George Belcher's land, is : Laminated coal 16 inches, 
" mother coal " one- fourth inch, coal 17 inches, " mother coal " one- 
fourth inch, coal 18 inches, clay 20 inches, coal 29 inches. At the 
right head of a small branch which enters the main stream at Rich- 
ard Epling's, one-third mile below the gap leading to Road Fork, a 
bank has been driven 25 feet N. 35° E. The bed is 5 feet 9 inches 
thick (27) with 1 foot of clay shale separating it from the over- 
lying sandstone. The laminated portion is only 12 inches thick. 

Abners Fork is the site of several openings in which the bed has 
a thickness of over 6 feet. An opening made at the head of the first 
left fork at an elevation of 1,490 feet is reported by J. W. Church to 
have revealed 6 feet of coal. L. B. Roe's bank (23) at the head of 
Abners Fork is driven 75 feet in a southeast direction. Timbering 
keeps it open so that coal can be mined every winter. The laminated 
coal 15 inches thick is not mined. Under it is 4 feet of coal, then 6 
inches of clay, and a bottom bench of 14 inches of coal. This section 
differs from that at another opening (24) on Roe's land across the 
creek from the above and at the same elevation, 1,465 feet, where the 
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bottom bench of coal is 3 inches thicker and the clay 3 inches thinner. 
On the right branch of a hollow which enters Bingham Fork at 
E. B. Bingham's cabin a coal bank has been drifted in about 15 feet. 
The bed (25) is 6^ feet thick, and has 16 inches of laminated coal at 
the top. 

Upper Elkhom coal. — A newly faced trench at Bingham's, 150 
feet above his bank on the Lower Elkhom, showed 75 inches of coal 
in an unbroken bed (26) at an elevation of 1,680 feet. On the right 
fork of Sprucepine Fork a prospect opened by George Belcher 
shows the Upper Elkhom 7 feet thick (28). A prospect at the head 
of Abners Fork, 160 feet above (24), at an elevation of 1,640 
feet, found the Upper Elkhom coal, but caving had concealed the 
bed so that it could not be measured. J. W. Church rei>orts that 
this coal at the head of the hollow back of his house is about 4 feet 
thick and at the head of Honey Fork is 6 feet thick. 

BEAVER CREEK. 

Geologic section. — ^The geologic section on this creek begins with 
the sandstone under the Elswick coal and extends more than 100 feet 
above the Upper Elkhom coal. Nothing was observed of the upper 
part of the section, so the figures on the columnar section sheet only 
partially represent the stratigraphy of Beaver Creek. It will be seen 
that the Auxier coal is about 190 feet above the Elswick and that the 
correlation and elevation of coals above this is uncertain. This is 
due partly to the fact that no exposures of the upper coals were 
found except one at the head of the creek. The rocks rise rapidly up 
Beaver Creek, but the writer is skeptical about the position of the 
Lower Elkhom being so high as is indicated on the Big Sandy Com- 
pany map. 

Elswick coal. — Close beside the schoolhouse at the mouth of Beaver 
Creek at an elevation of 821 feet above tide there is an exposure of 
the Elswick coal. The roof is 2 feet of sandstone overlain by shale 
and the floor is sandstone. There are two benches of coal, the upper 
28 to 30 inches and the lower 7 inches, with an 8- to 9-inch shale 
parting between them (30). On the river a few hundred yards 
above the mouth of Beaver Creek this coal in a small opening shows 1 
foot of clay between it and the underlying 25- foot sandstone and has a 
shale roof. The bed is a trifle thinner, having 32 inches of coal 
underlain by 2 inches of bone and 6 inches of coal. 

Auxier coal. — In the hollow one-fourth mile l)elow Beaver Creek, 
Ryus Roberts takes out a little coal every winter from a* bank driven 
about 75 yards S. 45° E. The roof is blue shale and the floor black 
slaty rock. Solid coal 2 feet 7 inches thick is found in the bank (29), 
but it increases to 3 feet at the outcrop. There is a prospect above the 
first left fork of Mud Lick Branch of Beaver Creek on the land of 
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Enoch Belcher, which shows a shale roof, 4 inches of coal, 5 inches 
of clay, and 1 foot of coal at the bottom of the prospect. This lower 
bench is said to be 3 feet thick. -^ 

The blossom of the Auxier coal was found in measuring a section 
at a small branch one-half mile up Beaver Creek at an elevation of 
170 feet above the road. An opening made years ago^ but closed now • 
could readily l>e reopened back of the house at the mouth of Stone- 
coal Branch. Two and one-half feet of coal is said to have been 
found here. The writer is in doubt whether the coal opened on 
both sides of the creek at Babe Potter's, just above the mouth of Left 
Fork may not also be Auxier. A hurried tracing of the rocks 
along the creek seemed to indicate that the coal at the mouth of 
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Fig. 6. — Auxier coal sections. 

Stonecoal Branch passes below the creek near the mouth of Flat 
Fork, but it is possible there is sufficient inclination of the rocks 
to keep it above water for some distance upstream. The opening op- 
posite Babe Potter's is closed, but one back of the^abin shows a shale 
roof and 2^ feet of coal. The floor was hidden by water, and a lower 
bench of coal reported by the owner was not seen. The same bed 
has been dug into on the Left Fork just above the mouth. 

On Right Fork, in a hollow back of Mrs. Elizabeth Ramey's place, 
coal has beeu dug from a small bed, which is 140 feet above the coal 
at Babe Potter's, but seemingly not high enough for the Millard coal. 
At the mouth of Bear Fork, 90 feet above the creek, Enoch Belcher 
drifted 20 feet into the hill in an easterly direction and took out coal 
for several years. I. S. Salyer reports that the bed is about 4 feet 
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thick, with a thin slaty parting 10 inches from the roof and another 
8 inches from the floor. This coal is about 340 feet below the lower 
Elkhom, and may possibly be the Millard. Bear Fork is a left branch 
of Left Fork, 1 mile above its mouth. 

Elkhom coals. — ^At the head of Houselog Branch, near Basil 
Belcher's cabin, a prospect trench uncovered a coal bed supposed to 
be the Lower Elkhom at an elevation of 1,612 feet or 200 feet above 
the cabin. The coal is reported to be 2 feet 10 inches thick, but can 
not be seen now on account of caving. Near the top of the ridge, 
at an elevation of 1,770 feet, directly back of the cabin, the Upper 
Elkhorn was located, but the trench had been allowed to cave. The 
bed is said to be 7 feet thick. The Upper Elkhom at the head of 
Bear Fork is reported to be 9 feet thick, but this was not verified. 
The Lower Elkhorn on this fork is reported by I. S. Salyer, who 
lives at its mouth, to be 5 feet thick with a 6-inch parting in the lower 
portion. 

At the head of Left Fork of Beaver Creek, in the run above the 
elbow in the road and close under the top of the ridge. Miles Potter 
has opened the Upper Elkhom and timbered a drift about 20 feet 
deep. It shows a bed of coal 6 feet 9 inches thick, with only two 
thin partings not over an inch thick (31). This bed has an excel- 
lent appearance and would be worthy of attention except for the 
fact that it is so close to the top of the ridge as to have but little 
body. Even as it is, this bed might be worked in conjunction with 
the Lower Elkhom if the latter should be mined on this creek. 
Several other openings have been made on the Elkhorn coals in the 
hills around Beaver Creek, but in most cases they were merely 
prospect trenches, and not being timbered they caved or fell in 
within a few months and the coal could not be seen. 

GRASSY CREEK. 

Geologic section. — At the mouth of Grassy Creek the Lee con- 
glomerate rises 150 feet above the water on the west and nearly 
1,000 feet on the east. This is because the Pine Mountain fault, 
but a few rods to the east of the creek, raises the Lee high in the air. 
A small coal bed in the Lee is said to be exposed at the mouth of the 
creek, but it was not discovered by the writer. Section 12, on PI. 
Ill (p. 38), is compiled from notes on Trace Fork, and principally 
from Greasy Spur at the head of the fork. By tracing the rocks up 
the creek the conclusion was reached that the horizon of the Auxier 
coal is but little above the stream at the mouths of Trace and Cow 
forks. This being the case and the dip being gentle to the north- 
west, the position of a coal found near the head of the fork on 
(ireasy Spur coincides closely with the position of the Lower Elk- 
hom. 

40858-BuU. 34^-08 4 P noalo 
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Elswick coal. — Although no openings were seen on the Elswick 
coal between Elkhorn City and Grassy Creek, the horizon can be 
traced without difficulty just above the highway, which is for most of 
the distance near the top of the Lee conglomerate. The bloom of the 
Elswick coal shows in the road up Grassy Creek just north of Big 
Hollow. 

Auxier coal. — The first opening on the Auxier coal that was seen 
in going up the creek is on Trace Fork, about one-third of a mile 
above Riley Cavin's place. Here a prospect shows 20 inches of coal 
(32) with a fossiliferous shale roof. This opening is 1,113 feet above 
tide. On the right side of Abes Fork just above Cavin's an opening 
at 1,153 feet, known as No. 1 of the Yellow Poplar Company, shows 2 J 
feet of coal, and doubtlass is the same bed. As the dip in the vicinity 
is northwest, it is possible that one of the two small beds found 1 mile 
farther up Abes Fork may be the Auxier. One is at the mouth of 
Locust Thicket, 1,140 feet above sea, and has 1 foot or more of coal, 
the whole thickness of the bed not being visible. The 
roof is blue fossiliferous clay. On the opposite side of 
Abes Fork and a few rods farther up, a crop in the creek 
bank shows a 19-inch coal bed (35), which is 20 feet 
higher than the one just described. It has a sandstone 
roof. 

The Yellow Poplar Company made three openings 
on a bed which lies about 100 feet above the Auxier, the 
three being 1,265 to 1,270 feet above sea. A clay part- 
ing is found near the bottom of each. No. 2 opening 
Fig. T.^Yeiiow shows the bed 4 feet 2 inches thick with a 7-inch clay 
Poplar coal band. No. 3 is reported 5 feet thick with the same clay 
seam. This opening is said to have struck a fault 162 
feet from the entry, which is quite possible, as this is close to the line 
of the Pine Mountain fault. No. 4 opening on the left of Old House 
Branch discovers the same bed over 6 feet thick (34) at the face of the 
drift, which is 1 foot more than at the mouth of the entry. A small 
fault having a northeast course at the face of the 15-foot drift dis- 
places the upper bench a few inches, but does not disturb the bottom 
bench of coal. 

Millard coal. — If the correlation of the Auxier is correct, then 
a coal found 200 feet above it on the left of Trace Fork should be 
the Millard. -Tracing the horizon up the creek it seems to be the 
coal found at the southern end of Greasy Spur, which W. T. Griffith, 
a local surveyor, calls the Greasy Spur coal. Two openings on this 
coal made near water level IJ miles up Trace Fork show a bed 5 feet 
8 inches to 6 feet 1 inch thick, with 3 partings (33). These are at 
an elevation of 1,220 feet. On Rattlesnake Hollow, 200 feet higher. 
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a 3-foot bed has been found. This has about the proper position to 
be the Bingham coal. 

Lower Elkhorn coal. — So far as known only one opening has been 
made on the Lower Elkhorn coal in the valley of Grassy Creek. 
This is at the extreme head of the main branch of Trace Fork and 
at an elevation of 1,645 feet. It is on the east side of Grejisy Spur 
and 400 feet lower than the gap leading to the head of Beaver Creek. 
The opening has been made since the writer left the field and is re- 
ported by Mr. Griffith to show a 4-foot 10-inch bed. The Upper 
Elkhorn should be found higher in the ridge, but can have only a 
small acreage on accoimt of its position near the top of the hills. 

MARROWBONE CREEK. 

Geologic section. — The horizon of the Auxier coal is less than 100 
feet above water level at the mouth of the creek while the great 
Flatwoods bed is 600 or 700 feet below the highest point in the area. 
There is then from the mouth of this creek to the divide at the head 
a geologic section nearly 2,000 feet thick. The rocks above the 
Upper Elkhorn coal are shown in the general section (fig. 3) and 
the lower rocks are partly represented in the Marrowbone and Henry 
Clay mine sections on the columnar section sheet (PI. Ill, p. 38). 
It is sufficient to state that the Millard coal is found at the mouth 
of the creek at an elevation of 1,000 feet above tide or 270 feet above 
the river. The Bingham coal of workable thickness occurs 175 feet 
and the Lower Elkhorn 370 feet above the Millard. The Upper 
Elkhorn is 160 to 180 feet higher than the Lower Elkhorn and the 
Flatwoods bed is at least 500 feet above the former. The rocks be- 
tween the coals are all shales and sandstones. The shales are in 
part argillaceous and in part arenaceous, while the sandstones vary 
from shaly to coarse and massive. 

Aitxie?* coal. — By tracing the rocks along the railroad from Moores 
Branch down the river to Marrowbone Creek, the coal on top 
of a massive sandstone and level with the roof of Marrowbone 
station seems to be equivalent to the Auxier. If so, the Auxier is an 
insignificant coal on this creek, for it is small in the outcrops along 
the railroad and passes below the level of the creek in a short 
distance. 

Millard coal. — About 240 feet above the railroad, at the mouth of 
the Marrowbone, on the land of Alec Johnson, on the right of the 
creek, the Millard coal has been shown by an opening to be 2^ feet 
thick. On account of the dip to the west this coal is somewhat 
lower on Wolfpit Fork, where it has been opened (37) on John 
Coleman's place 1,000 feet up Left Fork. Dan Stewart keeps a small 
bank open across the run from his house in Laurel Hollow. He has 
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2i feet (40) of solid coal between shales. One-half mile up Rock- 
house Creek, on the north side and above the sawmill, where this coal 
has been opened on Henry Ratliff's land, the bed (46) has a bottom 
bench of 26 inches of solid coal overlain by 13 inches of shale, coal, 
and bone. One mile up Rockhouse Creek, where the Millard goes 
under water, it is exposed in the south stream bank for 75 feet and is a 
2^-foot bed (47), the top 3 inches of which are bony. The roof is 
sandstone and the floor shale. 

At the mine of the Marrowbone Coal and Coke Company, just 
above the mouth of Rockhouse Creek, there is an opening on the 
Millard at an elevation of 953 feet which shows 2 feet 4 inches of 
coal (41) with a shale roof. This opening is 370 feet below the Lower 
Elkhorn coal, which is mined directly above. It is known at the 
mine as the Auxier, but the writer feels certain it is the coal that 
lias been traced from Coleman's at Regina to Huffman's at Millard, 
and not the coal which has been traced from the mouth of Marrow- 
bone Creek to Elkhorn 

v^ n u Creek. 
3 38 Marrowbone Creek * . xi_ i i» xi 

Powell^reek WolfpitFork at Marr owbo ne mine At the end of the 

Bone 2"^^ Bd '^le^^^^ railroad cut near the 

^B^'*'' ^Moti" ciayio^^fl mouth of Johnson 

BoneT^^H H ^ .."^^ Fork there is a partly 

^Hio'' ^H Clay 14 m^ / V •'^ 

■■^^ gSI ^^ caved openmg (45) m 

Water ^ H ^ which the dip is 6° W. 

and which has 20 
inches of clear coal in 
a 2 foot 9 inch bed. 

Fig. 8. — Bingham coal sections. r^,, . , , j j 

This bed, opened imder 
the road below the mouth of Mill Creek, appears about 3 feet thick, 
but has too many partings to be of value. The sandstone roof is 
very irregular. These eight openings show an average of about 30 
inches of workable coal in the Millard bed on Marrowbone Creek. 

Bingham coal. — Two measurements were obtained of the Bing- 
ham coal on Marrowbone Creek. One is of the prospect made by the 
Marrowbone Coal and Coke Company at their mine, where the bloom 
was discovered 190 feet below the Lower Elkliorn in grading for the 
incline from the pit mouth to the tipple. The coal was faced close 
to the surface and the actual character of the bed under cover may 
not have been revealed. It showed 3 feet 3 inches of coal in two 
benches separated by 14 inches of clay (42). It is possible that there 
is some swelling here at the crop and that there may be thin partings 
in the lower bench which could not be distinguished in the weathered 
condition of the coal. 
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Another opening on this coal was seen at Alec Ratliff's, on Left 
Fork of Wolfpit Fork. It has a good appearance, being 2| feet 
thick (38), and lies between shales. 

Lower Elkhom coal, — Besides the pits opened on the Lower Elk- 
horn coal for family use, many prospect trenches have been cut to 
prove its extent and character. The outcrop of the coal as shown 
on the map (PL I), which is from D'Invilliers's survey, was run 
in part by stadia. Many of the prospect trenches have been allowed 
to cave, so that the writer could not obtain measurements of the 
coal at so frequent intervals as did Mr. D'Invilliers, but nevertheless 
more sections of the coal were obtained than are deemed necessary 
for a thorough description of the bed in this part of the field. The 
character of the bed at 12 different places on the creek and its 
branches will be described. 

On Wolfpit Fork there is an old pit near the head of the creek 
on the right above the bend, which shows the full section (36). 
The roof and floor are shale. The coal is 3 feet 4 inches thick, with 
4 inches of bone on top, and without the partings or laminated coal 
that are found in much of this field. 

At the head of the first hollow on the right of Marrowbone above 
Wolfpit and nearly opposite Bath Hollow there is an opening on Joe 
Ratliff's land from which coal is taken every winter. It has a shale 
roof and floor, but the section of the bed (39) differs in all its details 
from that just described. Here a 15-inch shale is overlain by 2 feet 
inches of coal and underlain by 2 inches of bone and 9 inches of coal. 
Still there is no doubt that these two openings are on the same bed. 
At the head of Deadening Fork of Rockhouse Creek a pit (48) 
driven in about 15 feet on a dip 5° south shows practically the same 
character of bed as at the head of Wolfpit Fork. 

The next opening on the Lower Elkhorn coal found in going up 
Marrowbone Creek is that at the Marrowbone mine, just above the 
mouth of Rockhouse Creek. At this point the bed is over 400 feet 
above the creek. Two drifts had been driven in 125 feet by Septem- 
ber 1, 1906. These were run S. 30° E., and found the rocks dipping 
in that direction for 100 feet. At 125 feet from the crop the rocks 
begin to rise. The I^wer Elkhorn at this mine has a shale roof and 
floor, 2 feet 8 inches of solid coal, and a top bench of 16 inches (43) 
of laminated coal. It is noticeable that the lower 4 inches of the 
laminated bench is rumpled or contorted, as if it had been rolled under 
a load. The fact that this 16-inch bench is not marketable, because 
it breaks down to slack and runs high in ash makes this bed less 
attractive for mining than it might otherwise be. The same trouble 
is found in all the mines that have attempted to market run-of-mine 
coal from this bed on Marrowbone Creek. 
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One-half mile below the head of Poorbottom Creek James Gibbs 
has run a drift in 75 feet on the left side on the Lower Elkhorn and 
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FlO. 9. — Lower Elkhorn coal sections. 



found the bed about 3 feet 4 inches thick. At the head of Big 
Branch, on Levi Coleman's place, the same thickness is found, but the 
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upper 12 inches is a mixture of shale and coal. It shows 2 feet 6 
inches of solid coal (51) ♦with one parting. The floor is shale and the 
roof sandstone. 
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Pia. 10. — Lower Elkhom coal sections. 



The Henry Clay mine is between Poorbottom Creek and Big 
Branch. In September, 1906, an entry and parallel air course had 
been driven 550 feet. Two measured sections of the bed were ob- 
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tained, one near the outcrop (49) and the other at the face. In both 
places a one-fourth to one-half inch band of clay is found 4 inches 
above the floor, and the laminated coal is 14 inches thick. The differ- 
ence between the two sections is the variation in the amount of coal 
between the clay band and the laminated coal. At the entry the 
main bench of coal is 2 feet 8 inches and at thie face 2 feet 4 inches. 
The amount of marketable coal in the mine as developed at that time 
varied from 2 feet 8 inches to 3 feet. The roof is 3 feet of shale, 
which caves badly. 

On Sycamore Fork one section was obtained (52) from an opening 
on the ri^ht of Lick Branch one-half mile above the mouth on the 
land of J. A. Mullins. Here there is a 60- foot drift showing 3 feet 
of solid coal and 15 inches of laminated coal. The roof and floor are 
shale. This is a very characteristic section of the Lower Elkhom in 
much of this field. 

The Greenough mine is on the left of Cassell Fork just above the 
mouth. Shale makes the roof and floor. The bed is composed of am 
upper bench of laminated coal and a lower bench of hard, block coal 
of fine appearance. At the mouth of the entry the laminated is 1 
foot thick; 50 feet inside it has increased to 2 feet 4 inches (63), and 
at 300 feet from the outcrop it is 16 to 17 inches (63a). The lower 
bench or block coal at the same points is 2 feet 10 inches, 2 feet 6 inches, 
and 2 feet 8 inches to 3 feet. The main heading was full of water in 
September, 1906, and the face 600 feet from the entry was said to 
show only 6 inches of coal. This is the only instance known to the 
writer in which the Ix)wer Elkhom coal falls below 2 feet in thick- 
ness, but it suggests the possibility of other considerable variations 
being found as development progresses. Unless the bed maintains 
a fairly constant thickness and some use can be found for the lami- 
nated coal, the Ix)wer Elkhom does not promise to be a good mining 
proposition in this part of the field. 

At the Pike mine, on Cassell Fork 1 mile above Hellier, the lami- 
nated coal varies from 2 to 22 inches and the solid coal from 2 feet 7 
inches to 3 feet 9 inches. The following measurements were obtained 
in the lower mine : 

Sections of Lower Elkhom coal at Pike mine. 



Location. Laminated. 



Ft. in. 

Pace of first left entry ' 1 8 

Second left heading _ _ _ 1 8 

Pace second left hetidln?-.. 1 6 

Room 3, second left heading 1 7 

Room 2, second left heading • 1 8 

Main heading — I 1 9 

Main heading — - 2 

Main heading - ' 6 

Pace of main heading _ I l 10 

Face of air course _ .1 1 6 

Face first right off air course J l 8 



Solid. I Total. 



Ft.in.\ Ft. in. 

2 10 I 4 1 

2 7 I 4 3 

2 8 I 4 1 

3 2 I 4 9 
2 8 3 11 
2 8 I 4 5 

2 10 

4 S 



2 8 

8 9 

2 8 

2 9 

8 



4 « 
4 3 
4 8 
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In the main heading where for a few rods the laminated coal is 
very thin, a soft clay is found between it and the overlying shale, 
and thei'e are abundant evidences of movement. The block coal 
at this point is undisturbed. The mine shows an average of 34 
inches (61.) of marketable coal. If means could be devised for re- 
ducing the amount of ash in the laminated coal, or of using this 
bench to advantage, the worth of the bed would be greatly increased. 

The laminated coal of the Lower Elkhorn bed was sampled at 
three different points in the Pike mine and mixed to get a fair 
average. Samples of the solid coal and of the whole bed were taken 
for comparison, and the analyses are given on page 72. These 
analyses show only 4.08 per cent of ash in the solid coal, but 22.37 
per cent of ash in the upper bench or laminated coal makes the pro- 
portion of ash in the whole bed objectionably high. The companies 
operating on Marrowbone Creek have found that their customers 
will not accept run-of-mine coal from this bed, and they are obliged 
to throw the laminated on the waste dump. 

The writer's sample of the whole bed is higher in ash than sam- 
ples taken by others, which are said to represent the entire thick- 
ness of the bed. He is confident that the sample taken in the Pike 
niine is representative of the laminated portion of the Lower Elk- 
horn coal, and this statement is supported by the following analj'^ses. 
At the writer's request Mr. I^owry I^ewis, manager of the Pike mine, 
sent 50 |>ounds of laminated coal in chunks representing the different 
phases of its occurrence. From these the writer selected three sam- 
ples which may be described as follows : 

Sample 1. Dull, bony coal with numerous paper-thin lamellse of bright coal. 
Breaks in flat slabs. 

Sample 2. Bony coal, about two-thirds dull and one-third bright, glistening 
lameUffi. Breaks In flat slabs. 

Sample 3. Mixed dull and bright coal, mashed, contorted, and showing many 
slick faces. Slacks very readily. 

Analyses of these samples made in the chemical laboratory of the 
Survey by George -Steiger show the following ash content: Sample 
No. 1, 35.22 per cent ash ; No. 2, 18.81 per cent ash ; No. 3, 10.26 per 
cent ash. 

Whether the percentage of ash could be greatly reduced by wash- 
ing the laminated coal should be determined by testing several tons 
in a coal washery. 

Further evidence of the high content of ash in the laminated por- 
tion of the Lower Elkhorn coal bed is shown by the following 
analyses from samples taken by independent investigators: 
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Analyses of laminated bench of Lower Elkhorn coal. 





Marrow- 
bone mine.* 


Ed^water 
mine.* 


Peters 
Creek.* 


Moisture. __ , 


2.70 
28.24 
42.60 
26.66 


1.52 
28.46 
49.18 
20.84 




Volatile matter _ 


SI .00 


Fixed carbon — — . _ 


62.75 


Ash - - 


16.25 



'Analysts, Froehllng and Robertson. * Analyst, J. O. Mathewson. 

The sample which represents the Marrowbone mme was taken by 
S. M. Buck, of Bramwell, W. Va., from a single lump of laminated 
coal, and does not profess to be an average. The laminate coal in 
this mine is 15 inches thick and overlain by 2 inches of solid coal. 
The sample from the Edgewater mine was taken by Mr. Buck from 
a point where the bed from top to bottom measures: Solid coal 9 
inches, laminated coal 8 inches, solid coal 2 feet 6 inches. J. W. Paul, 
mine inspector of West Virginia, sampled the laminated coal in the 
Lower Elkhorn bed at Solomon Layne's, on right fork of Peters 
Creek, a few miles north of the field here described. The laminated 
coal is 7 inches thick and is overlain by 17 inches of solid coal. These 
4 analyses of the laminated, ranging from 16.25 per cent to 26.56 
per cent, give an average of 21.50 per cent ash. Two samples of the 
Lower Elkhorn taken by the writer, from which the laminated was 
excluded, give an average of 3.08 per cent ash for the solid coal. 
Considering the proportion of laminated to solid coal, the average 
amount of ash in the whole bed is on this basis about 10 per cent. 
An average of 14 analyses by A. S. McCreath and H. J. Williams 
of the Lower Elkhorn coal on Marrowbone Creek, including the 
whole bed, gives 8.15 per cent ash. The maximum and minimum 
amounts of ash in these 14 samples are 13.48 and 1.98 per cent. 

The fact that the laminated is overlain in many places by imdis- 
turbed solid coal shows that the ash can not be due to a mixture of 
shale or clay pulled down from the roof during the movement which 
produced the lamination. The lamination seems to have developed in 
a portion of the bed which was originally high in ash, and the combi- 
nation of the coal and its impurity is such that washing would 
probably not greatly reduce the amount of ash. 

On Marrowbone Creek the laminated bench forms so large a por- 
tion of the bed that, as long as it has to be thrown out, the Lower 
Elkhorn is not attractive for mining. Between Russell and Levisa 
forks the usual 15 inches of laminated coal is present in the top of 
the bed, but the whole thickness is so much greater that the loss of 
the laminated is much less important. 

The laminated is not a shipping coal, because it breaks down to 
slack, but probably could be used successfully at the mines for pro- 
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ducer gas, either for heating or for power. Low-grade coals, high in 
volatile matter, can be used economically in producer-gas plants. 

In an opening at Bud Cassell's, farther up Cassell Fork, the lower 
bench is normal (60), but the laminated coal has increased in thick- 
ness to 19 inches. At Flemon Childers's, in a bank where coal has 
been taken for two or three years, the block coal is 3 feet 1 inch, and 
the top bench, bony and laminated, only 8 inches. Still farther up 
the fork, where the coal approaches water level, the (59) block coal 
is 2 feet 7 inches and the laminated 1 foot 10 inches. 

In the Edgewater mine, at the head of Marrowbone Creek, the 
Lower Elkhom maintains a fairly constant thickness. Sections were 
measured at the mouth (65), 230 feet in (65 a), and at the face of the 
main entry 370 feet from the crop (65 b). These show a lower bench 
of 2 feet 6 inches to 2 feet 11 inches, and an upper bench from 15 to 
20 inches thick. In one section (65c) 9 inches of solid coal overlies 
an equal thickness of laminated. 

Upper Elkhom coal, — The first opening on the upper Elkhorn 
coal above the mouth of the creek is that at the Marrowbone mine 
near the mouth of Rockhouse Creek. The Marrowbone Coal and 
Coke Compay has done development work on both of the Elkhorn 
beds^ one mine being directly above the other and both served by the 
same incline. On the upper coal an entry (44) , driven 125 feet S. 30° 
E., shows a section of the bed which is different from any other found 
in the vicinity. At the mouth of the entry it is 3 feet 10 inches 
thick, but includes a 17-inch clay parting, the bottom of which is 9 
inches above the floor. According to R. C. Peacock, manager of the 
mine, this clay, which contains small streaks of coal, is 12 inches 
thick at the face of the drift and is two-thirds coal. 

When this creek was visited in September, 1906, a drift on the 
Upper Elkhom coal had been driven 70 feet northwest at the Henry 
Clay mine and showed a bed 4 feet 5 inches thick (50). At Cynthia 
Gibson's, on Lick Branch of Sycamore, a 70-foot drift shows this 
coal 5 feet thick (53), and on Henry Bowen's land, at the head of 
Sycamore (54), the bed is 3 feet 6 inches thick. 

The first exposure up Cassell Fork is at the Greenough mine, 
where there is a bed of solid coal (64) nearly 4 feet thick. A sample 
of the whole bed at this mine was taken by the writer and the result- 
ing analysis will be found on page 72. 

At the Pike mine, a mile up the fork (62) the bed is less than 3 
feet thick and the upper 5 inches is bony or mashed. Farther up 
Cassell Fork there are several prospects exposing the Upper Elkhorn. 
Among these are a pit on Flemon Childers's land (58) and a trench on 
the Musgrave place which show the bed from 3 feet 3 inches to 3 feet 
9 inches thick, the upper 8 inches being bony or laminated. 
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At the Edgewater mine, on the head of Marrowbone Creek, the 
Upper Elkhorn coal is nearly 4 feet thick. The main entry shows 2 
feet 8 inches of solid coal at the mouth and 2 feet lOJ inches at the 
face (66), the rest being bony or laminated. 

An average of 9 sections measured on this creek gives a fraction 
over 3 feet for the thickness of the solid or, marketable coal. 
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Fia. 11. — Upper Elkhorn coal sections. 



Flatwoods coal. — An approximation of the area underlain by the 
Flatwoods coal is shown on the accompanying map (PI. I). The 
stratigraphic position is 500 to 550 feet above the Upper Elkhorn. 
It has been prospected but little. A measurement of the bed was 
made at the head of Cassell Fork in a trench cut for the Big Sandy 
Company and the total thickness (55) found to be 18 feet 9 inches. 
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Of this the upper 6J feet is workable coal, and a sample was taken 
for Analysis. The lower 12 feet of the bed is too much broken up by 
clay partings to be of value. Two other openings in this same 
locality (56, .57), according to measurements by E. V. d'Invilliers, 
show 14 feet 2 inches and 16 feet 7 inches, respectively, but much of 
the bed is worthless. 
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FlO. 12. — Flatwoods coal sections. 



On the Flatwoods table-land 500 feet above this coal another bed 
is reported* to have been opened at the head of the right fork of 
Sycamore Fork of Elkhorn Creek. It was not seen by the writer, 
but it is reported to be 4 feet thick with only one thin shale parting. 



POND AND JESSE CREEKS. 

Geologic section, — The geologic section in these creeks begins about 
100 feet below the Auxier coal and extends a short distance above the 
Upper Elkhorn coal. The ridge between the two creeks is too low to 

• Crandall, A. R.. The coals of Big Sandy Valley : Kentucky Geol. Survey, Bull. No. 4. 
J905, p. 116. 
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catch the Upper Elkhorn, but it is present around the head of Pond 
Creek. 

Small coals, — So far as learned the Auxier was not open at any 
place on Pond or Jesse creeks and no information could be obtained 
as to its thickness. A coal occurring at a higher horizon was seen 
in the bank of Pond Creek above an old mill, which is just below 
Camp Branch, at a point about 200 feet higher than Russell Fork. 
This is near the horizon of the Millard and is a 3-foot bed (71), with 
clay partings. Eighteen inches of solid coal was seen at the bottom, 
resting on sandstone. Between Camp Branch and Laurel Branch, 
opposite Sanford Moore's house, a facing shows two 6-inch bands of 
coal, separated by 17 inches of shale. There may be other small, 
worthless beds in the section exposed along this creek, but their pres- 
ence was not discovered. 

Lower Elkhorn coal. — ^This coal was opened by Sanford Moore on 
the left of Pond Creek just below the mouth of Laurel Branch in 
April, 1906. It is ^larked by a chute, which brings the coal down to 
a bin at creek level. The bank furnishes fuel for the dinky locomo- 
tive of the Clinch Valley Lumber Company, which is operating on 
this creek. Normal conditions for this region are found here, the 
bed having a total thickness of 4 feet 4 inches (70), the upper 16 
inches being laminated. Shale forms the roof. An analysis of a 
sample from the bed at this point, including both laminated and solid 
coal, is given on page 72. 

William Ramey reports that the coal was once opened in the head 
of the hollow back of his house, and showed a 4- foot 4-inch bed, with 
2 inches of slate between the solid coal and the laminated. Mr. 
Ramey lives at the mouth of the branch on the right, just above Laurel 
Fork. In a hollow on the right, one-half mile above Ramey's, a bank 
has been driven about 80 feet N. 75° E., and coal is brought out in 
a small tram car to a chute for loading on wagons. The westward 
dip of the rocks makes the drainage good. The section here is the 
same as at Moore's, 3 feet of solid coal with a 16-inch bench of lam- 
inated on top. 

An entry on the right branch of Laurel Fork has been driven 35 
feet in a southwest direction, according to Sanford Moore, but the 
water flows in and the pit is now full. The bed is reported to be 4 
feet 5 inches thick, with 12 inches of laminated separated from the 
solid coal by soft " mother coal." 

Back of Grant Hawkins's house at the forks at the head of Fond 
Creek a drift 75 feet long has been run into the hill S. 25** E. on a 
dip of N. 55° W. The bed is 4 feet thick (69), the lower bench hav- 
ing one or two one-fourth inch partings that are not persistent. At 
John Hawkins's farther up the creek, a 70- foot drift on the same bed 
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(68) shows the laminated coal 1 inch thicker and the solid 2 inches 
thinner than at Grant Hawkins's. The floor in both places is shale, 
but at the first-mentioned locality only 2 inches of shale lie between 
the coal and sandstone roof. 

The Lower Elkhorn coal has been prcfepected by N. A. Ramey at 
the left head of Camp Branch of Pond Creek. His pit shows (72) 
a shale roof, a bed almost the duplicate of Hawkins's, and a blue-clay 
floor. 

In Jesse Creek the Lower Elkhorn has been opened at the head of 
a hollow off the left branch. The entry which has been driven 60 
feet shows 3 feet of shale between the coal and overlying sandstone, 
and a bed at least 3 feet 8 inches thick, the upper 14 inches of which 
is laminated coal. The bottom was not seen. Frank Owens, who 
lives at the head of this creek, reports an opening on the right side 
of the right fork, that was driven west 75 feet on a coal bed dipping 
in the same direction. The roof is weak shale, and the bed 5 feet 
thick, the upper half of it being worthless. Coal opened back of 
Owens's house, about 250 feet below the Lower Elkhorn. is said to be 
2 feet thick. 

Upper Elkhorn coal. — A bloom of the Upper Elkhorn coal was 
seen at the head of Pond Creek, above John Hawkins's bank (68). 
The coal is repoited to be 4 feet thick, the lower part peacock coal 
and the upper a good blacksmith coal. About 100 feet higher in the 
hill a hole shows another bed 42 inches thick, with a sandstone roof 
and 5 inches of clay 1 inch from the top. Grant Hawkins is author- 
ity for the statement that there is a 1-foot coal 20 feet above this 
and a 3-foot coal still higher. These were found in plowing and are 
not now exposed. Sanford Moore reports a bed of solid coal 5 feet 
2 inches thick at the head of Laurel Fork, 340 feet above the Lower 
Elkhorn and too high to be the Upper Elkhorn. An entry was 
driven in on it 4 feet up the rise, when digging stopped. The pit has 
caved so that the report could not be verified. 

LITTLE CREEK AND MOORES BRANCH. 

Geologic section, — A section measured in the river bluff between 
these two branches and giving the sequence of the rocks from the 
railroad to the top of the intermediate ridge will be found on PL 
III (sec. 10). Unfortunately none of the coals above the Elswick 
were seen in climbing the hill, and the positions indicated in the sec- 
tion are only suggestions of their probable location. 

Elswick coal. — This coal rises above the river at the mouth of Lit- 
tle Creek and is exposed just below Moores Branch in the rock cut 
along the railroad a few feet above the track. The cut shows a shale 
roof, 3 feet to 3 feet 4 inches of coal (75), and a sandy shale floor 2 
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feet thick resting on a massive gray micaceous sandstone. There 
is a small pyrite stringer near the bottom of the bed. The Elswick 
has been opened on Moores Branch, but is now caved. 

Auxier coal. — On Little Creek, on the north hillside back of C. 
C. Maynor's house, there is a 30-foot drift running northwest down 
the dip of the Auxier coal, which is 3 feet 8 inches thick and has two 
partings near the bottom (T4). A prospect on the point between 
the forks of the creek, at an elevation of 946 feet, is caved, so that 
the coal can not be seen. Calvifi Ramey has an opening on the 
Auxier in the hollow one-half mile below Little Creek. It is 150 
feet above the railroad, on the left fork of the hollow, one-fourth 
mile from his house (73). He opened it in the winter of 1905 and 
drifted S. 70° W. a few feet, then turned S. 20° W. At the tune it 
was visited only 2 feet 3 inches of coal could be seen, but Mr. Ramey 
reported a thin parting and 7 inches of coal below the floor of his 
bank. This was confirmed by a prospect in the same hollow, a few 
rods away, where the thickness of the bed is 3 feet 1 inch with a 2-iiich 
parting 7 inches from the floor. 

The outcrop of the Auxier goes below water level about three- 
quarters of a mile up Moores Branch. It has been prospected in 
two places near the stream, but the only measurement made on the 
branch was obtained in the first little sag on the left 200 yards up- 
stream from the railroad and 200 feet above the branch. This is 
the thickest section of the Auxier seen in the field, being 4 feet 6 
inches (76) with a 2-inch clay parting near the bottom. The usual 
shale roof and sandstone floor were found here. 

ELKHORN CREEK. 

Geologic section, — ^A section (PI. Ill, sec. 11) measured in the 800- 
foot bluflF opposite Elkhorn City at tlie mouth of Elkhorn Creek indi- 
cates the sequence of rocks exposed in this valley. The top of the 
Lee conglomerate is a few feet above water at the creek mouth, 
and the Lower Elkhorn coal is near the top of the ridge. A hea^'y 
sandstone 500 feet above the river is correlated with that which 
makes a conspicuous ledge at Ashcamp, and a 12- to 15-inch bed of 
coal found near the mouth of Jackson Branch is thought to be near 
the horizon of the Millard coal. At Joes Branch and in the vicinity 
of Pound Gap the Upper Elkhorti is barely 100 feet above the creek. 

Elswick coal. — The eastward rise of the rocks puts the Elswick 
coal 870 feet above tide at Elkhorn City. Openings near the mouth 
of Elkhorn Creek have caved in, but the Elswick coal is seen on the 
left 80 feet above the creek at the ford a half mile from Elkhorn 
City. The old coal bank is full of water, but at least 2 feet of coal 
is visible. At the other end of the same field, opposite the mouth of 
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Cane Branch, close to Alexander Adkins's house, there is an entry 20 
feet deep. It has a sandstone floor and a good shale roof. The bed 
(77) is 2 feet 9 inches thick, with a half -inch band of sandstone 
close to the top. On the right side of the creek above the mouth of 
Cane Branch a bank is kept open to supply a small local trade and 
shows 2 feet 6 inches of coal. Roof and floor are the same as at 
Adkins's, and the dip is to the west This dip makes drainage on 
the right side of the creek difficult. The Elswick coal bed goes 
below creek level near the mouth of Pond Branch on the land of 
Alec Roberts. 

Auxier coal. — Although the outcrop was traced up the west side 
of Elkhorn Creek for more than 2 miles, no measurements were ob- 
tained on the Auxier bed. In the bluff opposite the store at Elkhorn 
City coal was found about 275 feet above the I^ee conglomerate, or 
300 feet above the river, on top of a 30-foot massive sandstone and 
overlain by shale. This seems to be at the horizon of the Auxier, 
but the section is so different from any seen elsewhere that it is ques- 
tioned and was not considered in determining the average thickness 
of the Auxier bed. At this place there are two benches of coal, the 
upper 18 inches and the lower 12 inches thick, separated by 6 feet of 
shale. The Auxier falls below the creek in the bend below the 
mouth of Kettlecamp Branch. 

Lower Elkhorn coal. — Few openings have been made on the Lower 
Elkhoni cx>al bed on the lower part of the creek. The first observed 
is in Jackson Branch, where William and Caleb Wood have a pit on 
the left of the stream a little over a mile above the mouth. This pit 
shows a 4-foot 2-inch bed, the upper 15 inches being laminated. In 
a hollow on the right, one-half mile below Wood's, Pres. Bartley 
opened the same bed (78) in the winter of 1905, one-fourth mile up 
the hollow and 325 feet above Jackson Branch. The bed has the same 
thickness as at Wood's, but only 2 feet 5 inches of it is solid block 
coal. 

On Ashcamp Branch, back of G. W. Bartley's store, a bank opened 
on the Lower Elkhorn reveals 10 inches of solid coal underlain by 9 
inches of laminated coal and a bottom bench at least 2 feet 6 inches 
thick. The drift is driven about 30 feet S. 20° E. on a northward dip. 
In the head of a hollow on the right of Sycamore Creek there is an 
opening in which 30 inches of solid coal was seen, with an upper bench 
of 15 inches laminated and 5 inches bony coal. The bed is said to be 
6 feet thick in the face of the drift, which is 42 feet long. On the 
west side of the same hollow a drift was once driven 35 feet on the 
coal by Joel Ratliff, who says he found 8 feet of solid coal at the base 
and nearly 10 feet of laminated coal above. The drift caved, burying 
tools, car, etc., and has never been reopened. 
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An opening on Harry Bentley's place, below the mouth of Pigeon 
Branch, shows a 4-foot bed, only the upper 2 inches being lami- 
nated (80). 

On the right side of Big Branch an opening on A. W. Childers's 
property shows the Lower Elkhorn, which is there (82) composed of 
30 inches laminated coal and only 13 inches solid coal. This is hardly 
representative of the bed, however, for it seems to be close to a local 
fault which may have affected the proportions of laminated and 
block coal. On Shop Branch a pit opened by Don Ratliff reveals 
this bed 3 feet 6 inches thick with 1 foot of laminated coal (83) in 
the middle, and on the head of Shelby Creek at Blackhead Vanover's 
a 40-foot drift shows 10 inches of solid coal at top and 15 inches at 
the bottom, but with 20 inches of laminated coal in the midst of the 
bed. This coal shows a bloom in the road just below Shelby Gap. 

Along the road one- fourth mile above Shelby Gap, where the 
creek has cut a rock cliff, there is exjjosed a 21-inch bed of coal and 
bone which can be traced to Marshall Branch. This bed lies over 40 
feet below the Lower Elkhorn coal. In the hollow back of J. D. 
Bentley's house the I^wer Elkhorn has been developed by an entry 
driven N. 70° E. 25 feet under a sandstone roof. The bed is 3 feet 
thick and has a 1-inch shale band between the solid and laminated 
coal (84). At Esau Moore's, a little farther up the creek, the small 
bed mentioned above is at w^ater level 18 inches thick, and a 15- inch 
bed is about 20 feet above it. In the hollow opposite Moore's house, 
50 feet above the creek, there is a pit on the Lower Elkhorn which 
shows much the same characters (85) as are seen at Bentley's- In 
the bed of Marshall Branch, below the forks, at William Isom's, the 
Lower Elkhorn appears again with the same sandstone roof, 7 inches 
of solid coal and 7 inches of laminated, separated from the 18-inch 
block coal by 2 inches of shale. At the forks, a few rods farther up 
the branch, a pit discloses a coal bed 2 feet 8 inches thick, which can 
be but little above the Lower Elkhorn. 

Just above water level in the bank of Elkhorn Creek at Alec 
Isom's, Ijelow Peaks Branch, an opening on the Lower Elkhorn cojil 
shows the bed to be nearly 3 feet thick, but with over a foot of lam- 
inated and bony coal in the middle (89). 

Upper Elkhcyrn coal, — This coal is so high in the hills along the 
lower part of the creek that little prospecting has been done on it 
Ixjlow Shelby Gap. A pit at Ashcamp Gap, 1,577 feet above tide, 
reveals a 2-foot 10-inch bed (67), the upper 6 inches of which is 
bony. On the longest fork of Pigeon Branch a 100-foot drift 
made by L. J. Vanover shows 4 inches laminated and 35 inches solid 
coal at the face (81). 

On Sfarshall Branch the Upper Elkhorn begins to assume the 
proportions that have become famous in this region-^-^At the head 
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of tlic right fork William Johnson takes coal from a prospect pit 
(86) at creek level, in which there is a top bench of coal 31 inches 
thick and a lower one at least 20 inches thick. The whole bed was 
not exposed, so the floor could not be seen, but the roof is fossil- 
iferous shale. At the head of the left fork of Marshall Branch 
there are two openings in which the bed is 8 feet thick. At Caleb 
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Pig. 13. — Upper Elkhom coal sections. 

Ilajmes's place (87) there are two partings from 4 to 8 inches thick, 
while at Sam Wright's, where a trench cut in the hillside (88) shows 
a bed 8 feet 9 inches thick, only 9 inches in all is parting. 

On Peaks Branch, a quarter of a mile from the mouth and in the 
hill back of a cabin, there is a pit known as the Sonnv-^Holbrtwk 
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opening, which shows the bed at least 10 feet thick (90) with only 
one 10-inch parting. The entire bed was not measured because of 
water in the pit. On the right fork of Peaks Branch, opposite 
Levi Potter's house, a trench shows the bed (91) to be at least 9 
feet thick and the bottom was not seen. Twenty inches of shale 
in two partings are included. 

On Bens Branch near Ben Potter's house, about 100 feet above 
Elkhorn Creek, this coal is finely shown in a drift 20 feet long. The 
bed is 8 feet 10 inches thick and has only one parting, which is near 
the middle (92). The analysis of this coal from the writer's sample 
given on page 72 shows that it is of very high grade. 

The bed is equally good on Joes Branch, where the Blevens open- 
ing, on John Venner's land (93), shows a section of 8 feet 3^ inches 
with only 2^ inches of parting instead of 10. 

At the mouth of Little Elkhorn, less than 40 feet above the creek 
and close to the ford, a prospect on John Wright's land shows a bed 
which was not recognized. Whether it is the Upper Elkhorn or not 
is an unsettled question. The dips in the vicinity suggest that it is 
a lower coal than the one seen at MuUins's near the head of the creek. 
This bed at Wright's is nearly 9 feet thick, but it carries 42 inches of 
clay (94) in the middle. 

At the main head of Elkhorn Creek, the fork flowing from the 
north toward Pound Gap, there is an opening commonly known as 
the Mullins bank (95), which shows the Upper Elkhorn 7 feet 7 
inches thick separated near the middle into two benches by 3 inches 
of clay. The lowest bench has several 2- inch bands of lusterless 
splint coal. An analysis of a single chip of this dull coal showed 6 
per cent ash. A sample of the splint coal in the lower bench of the 
Upper Elkhorn taken by J. J. Hillsman, presumably at the Mullins 
opening, had, according to J. W. Fox, the following composition: 

Analysis of Upper Elkhoni splint coaL 

[Otto Wuth, analyst] 

Per cent 

Moisture 0.96 

Volatile matter 34.56 

Fixed carbon 62.369 

Ash 1. 60 

Sulphur .519 

Phosphorus .002 

This is surprisingly low in ash, for the splint coals in the southern 
part of West Virginia average between 3 and 4 per cent ash. This 
sample represents 14 inches of splint coal found 23 inches above the 
floor. The entry to the Mullins bank (PI. IV, A) has been driven 
about 50 feet S. 15° E. 
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A. MULLINS OPENING ON UPPER ELKHORN COAL, HEAD OF ELKHORN CREEK. 



B. UPPER ELKHORN COAL ON WRIGHTS FORK OF BOONE FORK OF KENTUCKY RIVER. 
B from photo loaned by Jno. C. C. Mayo. 
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Coal was taken from the Mullins bank for testing the coking quali- 
ties of the Upper Elkhorn in beehive ovens built by the Northern 
Coal and Coke Company on John Wright's farm. The character of 
the coke is described in a later chapter. An analysis of the coal in 
the Mullins bank, given repeatedly in the reports of the Kentucky 
Geological Survey and of the inspector of mines, will be found on 
page 73. 

Reports by A. K. Crandall, of the Kentucky Geological Survey; 
Neil Robinson, of Charleston, W. Va.; H. Hardaway, of Georgel, 
Va. ; Arthur M. Miller, of Lexington, Ky., and others, all agree that 
the Upper Elkhorn maintains the same thickness and characteristics 
as here described throughout a large area around the heads of Boone 
Fork of Kentucky River and of Shelby Creek (PI. IV, B). This 
average thickness of 8 feet is not confined by any means to the head of 
Elkhorn Creek. The thickness of the bed, its extent, and its steaming 
and coking qualities all point to the conclusion that 
it is the best mining bed in the field here discussed. BlowineRock Gap 
It is not at present within easy reach of a railroad. ig 

Mr. Crandall calls this the Lower rather than the uminatcdj 
Upper Elkhorn coal. contorted | 

Coah on the flank of Pine Mountain. — Coal has cw^^o" 
been found in several places on the flank of Pine 
Mountain, east of Elkhorn Creek, but because of the ^lae" 

steep dip it is not known just what beds are ex- ^J(seen) 

posed here. A coal reported to be 9 feet 6 inches 
thick, on William Potter's land, between Joes fkj i4.-^^ai on 
Branch and Pound Gap, has a section similar to Blowing Hock 
that of the Upper Elkhorn on the other side of the 
creek. Although a bed over 8 feet thick was seen, the bottom of the 
coal was not reached, and it is possible that the reported thickness is 
correct. The bed reported by the Kentucky Geological Survey, 1 mile 
up Pigeonroost Creek, at water level, is said to be 10 feet of clean, 
solid coal. An analysis of this coal given in the table (p. 73) shows 
that it is of high grade. 

Several other openings were reported on the mountain side, but 
they are caved so that the coal can not be measured. A coal has been 
found in a hollow on the north side of the road from Ashcamp to 
Blowing Rock Gap near George Bartley's house. An opening made 
ten years ago is so caved now that only a portion of the bed, reported 
from 9 to 11 feet thick, is visible. The writer saw under a massive 
sandstone 40 inches of mashed and contorted coal which rested on 3 
feet of solid coal (79). It was evident that only a portion of the 
block coal was exposed. The statement of the neighbors is that a tall 
man could stand under the slaty or laminated coal and not rub his 
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hat. This being so, the bed is at least 9 feet thick at this point, but 
it is possible that this may be a pocket, and that any coal on the 
mountain side close to the fault is badly crushed and possibly broken 
by small faults. An analysis of this coal by the Kentucky Geological 
Survey is given on page 73. It hardly seems possible that the lami- 
nated coal or the whole thickness of the bed was included in the sam- 
ple from which this analysis was made, for it shows only 2.16 per 
cent ash. 

SUMMARY. 

It will be seen from the foregoing description of the field that it 
contains six coals of workable thickness. Two or three other beds 
have a problematic value. The following table shows the range in 
thickness of the workable beds: 



Summary of coal beds. 



Name of coal bed. 



Elrwick 

Auxler.. 

MniarcL 

Binfirbam. 

Lower Elkborn 
Upper Elkborn. 



Maximum. 


Minimum. 


Average. 


Ft. in. 


Ft. in. 


Ft. in. 


3 10 


2 6 


3 1 


4 11 


1 8 


3 1 


4 4 


1 6 


2 5 


4 5 


2 6 


3 1 


6 11 


2 9 


4 3 


9 4 


2 10 


r. 8 



5 
8 
20 
4 
31 
19 



It should be borne in mind that this table is based on total thick- 
ness of bed, and does not represent the amount of marketable coal 
contained in each bed, nor indicate which are and which are not good 
mining beds. For instance, although 5 sections of the Elswick bed 
give an average of 3 feet 1 inch for the whole, the average amount 
of workable coal in the sections is only 2 feet 7 inches. 

The Auxier coal is shown to be about 3 feet thick, and as it usually 
has but one parting it can be counted on to yield at least 2^ feet of 
coal in part of the field. Present conditions do not as yet demand 
the development of beds of this size, but they constitute a reserve 
which may at some future day, when the thicker beds have been ex- 
hausted, yield a large tonnage of good bituminous coal. 

It appears from the above table that the Millard coal bed ranges 
from 1 foot 6 inches to 4 feet 4 inches thick, averaging 2 feet 5 inches. 
Lest this be misleading, it should be stated that the thickest known 
occurrence of the bed is on Jimmie Creek (17), where it is unwork- 
able because it contains too much shale and pyrite. There is only 15 
inches of solid coal in the thinnest section, and this is too little to 
mine. The Millard is a mining bed, therefore, in only a portion of 
its extent, and several decades will pass before it becomes necessary 
to touch a bed of this character in the great coal field of eastern 
Kentucky. 
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The Bingham coal was seen at so few points that little is known of 
its extent or character. 

Of the Lower Elkhorn coal it should be noted that the average 
thickness of the bed as given in the above table is too great for the 
entire field included in the accompanying map. On Beaver and Fer- 
rell creeks the amount of coal that could be mined is over 5 feet, 
while on Marrowbone Creek it is not over 4 feet, and nearly one- 
third of this is not marketable. Elsewhere in the field the bed is 
even thinner. 

The thickness of over 5 feet as given for the Upper Elkhorn bed 
is due to a number of sections of great thickness from a small portion 
of the field. At the head of Elkhorn Creek the amount of market- 
able coal in this bed is close to 8 feet, while on Marrowbone Creek it is 
little over 3 feet. A closer approximation of the thickness of the bed 
fhroughtout the field would be about 5 feet. 

ANALYSES OP COAL. 

All of the coals in this part of the great Appalachian coal field are 
bituminous, but few are of higher grade than those found in the Elk- 
horn field of eastern Kentucky. They will probably rank among the 
best steam generators, and their coking qualities are practically as- 
sured. Chemical analysis shows that the sulphur content is uni- 
formly low and that the amount of ash is moderate. 

The following table shows the results of analyses made of some of 
these coals by F. M. Stanton at the United States Geological Survey 
fuel-testing plant at St. Louis. The samples analyzed were collected 
by the writer according to Survey regulations, which require that 
mine samples be taken by cutting a channel across a clean face of the 
coal bed, including everything except partings and binders ovex one- 
fourth inch in thickness. Channels are of such size as to furnish 
about 5 pounds of coal per foot of bed, and the material is caught on 
oilcloth to keep out dirt and excess moisture. The gross sample is 
pulverized and quartered in the mine until reduced to about one 
quart, which is sealed in an air-tight galvanized-iron can. The 
original moisture content of the coal is thus preserved until the 
sample is opened for analysis. 
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Laboratory analyses of coal samples from Elkhom field, Kentucky, 
[F. M. Stanton, analyst; sampled by R. W. Stone.] 





Name and location of coal. 




Mil- 
lard. 


Lower Elkhom. 


Upper Elkhom. 


Flat- 




H.E. 
Cole- 

Regina. 


Pike mine. 


Robert 
Martin, 
Road 
Creek, 
exclud- 

laSfi- 
nated 
coal. 


Sanfoid 
Moore, 
Pond 
Creek. 


Qreen- 
ough 
mine, 
whole 
bed. 


Ben 
Potter, 
Elk- 
hom 
Creek. 






Whole 
bed. 


Ex- 
cluding 
lami- 
nated 
coal. 


Lami- 
nated 
coal 
only. 


CasseU 

Fork. 

7-foot 

top 

bench. 


Laboratory number 


8662 


3705 


3706 


3702 


8668 


3661 


8708 


3828 


8829 


Sample aa received: 

Moisturea 

Volatile mattera 

Fixed carbona 


8.00 

32.22 

56.69 

8.19 

1.06 


2.90 

28.59 

58.70 

14.81 

.49 


3.36 
81.76 
60.81 

4.08 
.54 


3.19 
25.88 
4S.61 
22.37 
.40 


4.73 
31.62 
61.67 

2.06 
.71 

3.20 


6.27 4.08 

27.74 32.46 

69. 75 ; 58. 78 
7.24 4.78 

.50 .74 

3.40 2.80 


3.96 
32.37 
6L10 

2.67 
.56 

1.90 

2.10 
33.00 
62.28 

2.62 
.67 

L89 


3.45 
33.69 
54.61 


Ash 

Sulphur 


8.26 
.82 


Lo«8 of molflture on 
air drying 


1.40 


1.30 


1.70 


L80 

1.42 
26.30 
49.50 
22.78 


1.70 










Air-dried sample': 

Moisturea 


1.62 

82.68 

67.39 

8.81 

1.07 


1 
1.62 1.fi8 


1.68 
82.66 
63.61 

2 IR 


1.93 
28.72 
6L85 

7.60 
.62 


1.26 
88.40 
60.42 

4.92 
.76 


1.78 


Volatile mattera 

Fixed carbon a 


28.97 

64.41 

16.00 

.50 


32.31 

61.86 

4.15 

.55 


34.27 
65 56 


Ash 


8.40 


Sulphur 


.41 ; .73 


.88 






Fuel ratio 


1.76 


1.88 


1.92 


L88 1.96 


2,15 


1.81 


1.62 










a 


Proxin 


late. 













The analyses in the preceding table indicate a good grade of coal 
in each of the beds from which samples were taken. They show that 
the Millard and Flatwoods coals have the highest percentage of ash 
and lowest fuel ratios, and that the Lower Elkhorn coal on Pond 
Creek has a higher fuel ratio than any other coal from the localities 
represented by the analyses. The high percentage of ash in the 
samples of Lower Elkhorn coal from the Pike mine has been dis- 
cussed on page 57. Moisture and sulphur are low in each of these. 

Analyses made by A. S. McCreath of samples taken by E. V. 
d'Invilliers, Joseph Sillyman, and others are given in the following 
table. They have been assembled from reports of the Kentucky 
Geological Survey, reports of the Kentucky Inspector of Mines, and 
private reports. The writer does not know what method of sampling 
was used or what care was taken of the samples, but from the results 
obtained it is suspected that they dried before being analyzed and 
that in some samples the whole of the bed was not represented. It 
makes a difference with the Lower Elkhom coal whether the lam- 
inated coal is included or not, as shown in the preceding table. 



Digitized by 



Google 



ANALYSES. 



73 



Analyses of tniscellaneoua coal samples from ISlkhom field, Kentucky, 





Name and location of coal. 




Els- 
wlck. 


Auxier. 


Lower Elkhorn. 


Upper Elkhorn. 


Constitnents. 


Mouth 

of 
Moores 
Branch 


Mouth 
of Elk- 
horn 
Creek. 


Aver- 
a^feof 
22 sam- 
ples. 


Ferrell 
Creek. 


Ferrell 
Creek. 


Head 
of Mar- 
row- 
bone 
Creek. 


Aver- 
a^reof 
9 sam- 
ples. 

31.804 

66.837 

9.538 

.558 

.0028 


Aver- 
age of 
19sam. 


Abners 
Fork, 
Ferrell 
Creek. 


Pigeon 
Branch 
Elk- 
horn 
Creek. 


Moisture 


(«) 

0.65 

30.56 

50.239 

8.180 

1.381 


0.65 
29.96 
68.98 

9.72 
.69 


82.105 

58.435 

7.459 

.574 

.0039 


(«) 
2.^ 


n 1 o<"^ 


1.^ 1 11 
84.985 25.14 
58.367 1 60.60 
4.499 6.72 
.587 1 .428 
.0022 


\%^ 


Volatile matte* . . . 

Fixed carbon 

Aj«h 


32.21 ' 2Z.9b \ 86.78 

59.90 61.46 58.08 

4.88 , 7.48 4.22 

.67 .567 .47 

.003* .006 


32.960 
59.317 
5.620 


Sulphur 


.683 


Phosphorus 


.001 










Fuel ratio... 


1.94 1 1.97 


1.82 


1.86 


2.64 1 1.58 


1.79 


1.67 I 2.41 


1.80 





Name and location of coal. 




Upper Elkhorn. 


Fla^ 
woods. 


(?) 


Constituents. 


Marrowbone 
Creek. 


"Marahall 
Branch. 


Mullins bank. 
Elkhorn Creek. 


Bens 
Branch 
Elk- 
horn 
Creek. 


Cassell 
Fork. 


Pigeon- 
roost 
Creek. 


Blow- 
Rafk 


Moisture 


33.41 

56.54 

7.67 

.51 

.006 


34.916 

67.068 

6.280 

.642 

.004 


36.598 

60.014 

2.610 

.586 

.002 


a 

88.84 

58.65 

1.26 

.64 

.004 


il 

34.20 
60.80 
2.40 
.412 


36.960 

68.247 

2.380 

.593 


1.960 
36.170 
67.423 

8.880 
.597 


3.W4 
36.166 
52.792 

7.750 
.708 


37.91 
58.79 

2.23 
.76 

-.004 


'«->«, 


Volatile matter... 

Fixed carbon 

Ash 

Sulphur 


39.22 

58.00 

2.16 

.90 


Phosphorus 


.005 





1 1 




Fuel ratio. . . 


1.69 


1.63 


1.69 


1.51 


1.78 


1.58 i 1.59 


1.60 


1.55 1 1.48 



• Crandall, A. R.. The coals of Big Sandy Valley : Kentucky Geol. Survey, Bull. No. 4, 
1905, pp. 108-113. 

* Manufadfltkrers* Record, vol. 45, No. 23, supplement. 1904. 
' Private reports. 

''Annual reports of inspector of mines, Kentucky, 1901-1902, pp. 417-421. 

Crandall explains that the high percentage of moisture and ash in 
the analyses of samples from Ferrell Creek is due to their being taken 
from weathered surfaces and possibly containing infiltered dirt. It 
is possible that the same explanation may apply to othei's of these 
analyses, for it is noticeable that the sample of coal from Bens Branch 
of Elkhorn Creek, which was probably taken from Ben Potter's open- 
ing at the outcrop, is of lower grade than that from Ben Potter's, 
which is shown in the first table, and which the writer cut from the 
heading, 20 feet from the outcrop, where the coal is unweathered. 

These mijjcellaneous analyses show that the fuel ratio of the Upper 
Elkhorn coal is generally lower than that of the Lower Elkhorn, but, 
on the other hand, the average percentage of ash in the Lower Elk- 
horn coal is nearly double that in the higher bed. The sulphur and 
phosphorus content is uniformly low in all these analyses. 
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The following table is given for the purpose of comparing the Elk- 
horn coals with well-known eastern bituminous coals: 

Average analyses of eastern hituminous coals. 



Moisture. 



Volatile Fixed 



ma 



atter. carbon. ^^' , »"'Pn"r. ^^^^^ 



Fuel 



Pocahontas, semibltumlnoua (aver- 
age of 88)« 

New River (Qulnnlmont), semlbitu- 

ralnouB (average of 17)*'_- 

Pittsburg coking (average of 20)'' 

Lower Elkhorn (average of 22)* 

Upper Elkhorn (average of lO)** 

Olinch Valley gas coal «. 

Westmoreland gas coal« 

Pennsylvania gas coal* 



0.78 

.60 
1.130 
1.425 
1.538 
1.180 
1.427 
1.280 



17.48 

19.98 

29.812 

32.105 

34.965 

37.398 

87.521 

38.105 



77.71 

75.20 

60.420 

58.435 

58.367 

66.782 

54.921 

54.383 



4.27 

7.949 

7.469 

4.499 

5.602 

5.418 

5.440 



0.62 

.67 

.680 

.674 

.587 

.619 

.713 

.792 



4.458 

3.773 
2.087 
1.820 
1.668 
1.517 
1.461 
1.427 



• White, I. C, Geol. Survey West Virginia, vol. 2, pp. 695, 696, 700. 

* Ibid, p. 670. 

" H. C. Prick Coke Company. 

* Manufacturers' Record, vol. 45. No. 23, supplement. 1904. 

• McCreath and d'lnvUliers, Mineral Resources of Upper Cumberland Valley, p. 145, 1888. 

COKE. 

How many of the coals in this region are good coking coals has 
not been determined, but it has been shown by tests that the Upper 
Elkhorn bed at the head of Elkhorn Creek, where it has a thickness 
of over 8 feet, makes a high grade of coke. . The Northern Coal and 
Coke Company built beehive ovens near the head of ^Elkhorn Creek, 
coked coal taken from banks opened on the Upper Elkhorn bed in 
the neighborhood, and exhibited the product at the Louisiana Pur- 
chase Exposition. The following information on this subject is from 
the article cited above in a supplement of Manufacturers Record: 

ReI)re^?elltatlv^ samples of coke made from coal from the Elkhorn seams sliow 
the following oomiwsitlon, with which are given, for purposes of comparison, 
the compositions of cokes from other well-known regions : 



Analyses of cokes from Elkhorn and o 


ther well-known 


coals. 


District. 


Water. 


Volatile 
matter. 


Fixed 
carbon. 


Sulphur. 


Aoh PhO©- 

^^^' ; phortM. 


Upper Elkhorn, Ky O.iiSO 

Do -._ 880 

Do 142 

Lower Elkhorn, Ky 210 

Pocahontas, W. Va .350 


1.445 
.914 

1.033 
.710 

1 008 


90.451 
88.679 
92.744 
90.210 

on (ViQ 


0.474 

.606 
.451 
.602 
.611 
.605 
.605 
.470 
.660 


7.050 0.004 
9.815 .007 
5.630 .OOS 
8.870 .000 
4.972 .. 


Pocahontas, Va _ _____ .348 


.900 92.840 
1.310 86.880 
1.700 91-000 


6.307 - 


ConnellsvIUe, Pa 790 

Do - 


11.540 1 .015 
7.300 .012 


Do _ -___ 

1 


1.200 


87.900 


10.900 ' .015 



Physical tests of Elkhorn cokes represented by the second and third samples 
in the preceding table were made by Mr. John Fulton, Johnstown, Pa., the 
well-known coke specialifft, from whose reix)rt the following extract is taken : 

The hardness of the Kentucky coke is so nearly equal to that of ConneUsvUle thit 
no serious practical diflference should be mentioned. Both of these cokes (samples 2 
and 8) will sustain the highest blast-furnace charges In use to-day, and In chemical 
purity exceed the average of the standard C'onnellsvllle coke. • • • Under these 
conditions of the physical and chemical properties, especially with very low volumes of 
sulphur and phosphorus, they are admirably adapted for use in blast furnaces producing 
Bessemer pig iron. 
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The following analyses and tests made for the Northern Coal and 
Coke Company at several different laboratories and plants were 
kindly furnished by John C. C. Mayo, an officer of the company. 

Analyses of five samples of 48-hour coke and four samples of 
72-hour coke made in beehive ovens of the Northern Coal and Coke 
Company on Elkhorn Creek with coal taken from the Ben Potter 
and William MuUins and banks average as follows: 

Analyses of Elkhorn coke, 
[A. S. McCreath, analyst.] 



Constituents. 



48-hoiir. 72-hour. 



Moisture 

Volatile matter- 
Fixed carbon 

Ash 

Sulphur 



0.187 
1.265 
90.140 
7.801 
.617 



0.151 

1.147 

91.072 

7.082 

.546 



Phosphorus to the amount of 0.003 per cent was found in two of the 
samples. 

A sample of 48-hour coke from the coal at Ben Potter's gave the 
following results in a physical test by John Fulton, of Johnstown, 

Pa.: 

Physical test of Elkhorn coke. 

Percentage by volume of coke 59. 84 

Percentage by volume of cells 40.26 

Compressive strength of cubic inch, one fourth ultimate 8trength_iK)unds. _ 279 

Height of furnace charge without crushing feet_„ 111 

Order in cellular space 1.25 

Hardness 2. 95 

Specific gravity 1. 75 

A test of the coking qualities of the Upper Elkhorn coal, made 
by the United Coke and Gas Company, of Camden, N. J., from a 
200-pound sample taken from 30 sacks, gave a coke of good furnace 
and foundry quality. The coal was crushed to pieces one-fourth to 
one-eighth inch in size, thoroughly mixed, and carbonized in an 
iroa box. Analyses of dry coal and coke are shown in the following 
table. An analysis of by-product coke made by the Illinois Steel 
Company is given in the last column for the purpose of comparison. 
Analyses of Upper Elkhorn dry coal and coke. 





Constituents. 





Coal. 

88.72 

66.71 

3.94 

.62 


Goke.« 

1.20 

98.01 

5.82 

.47 


By-product, 
coke. 


Volatile matter 


1.02 


yixed carbon 


95.55 


Ajih - - 


8.43 


SulDbur - — 














99.99 


lOO.OO 


100.00 


fininhiir 


1 


.46 


PhosDhonut 






.0034 


.0047 


.004 







« Yield of coke on box test, 71 per cent. 
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Another test for the Northern Coal and Coke Company was made 
by the Pittsburg Testing Laboratory (Limited), with the result 
shown in column 3 of the next table. The Semet-Solvay Company, 
of Syracuse, N. Y., report as follows on a trial of the Upper Elkhom 
coal, the analyses of coal and coke being given in columns 1 and 2 
of the table. 

A sample of Upper Elkhom coal from the William Mullins open- 
ing was coked by the Hamilton Otto Coke Company at Duluth and 
gave the results shown in column 4 of the table. 

Anniyftes of Upper Elkhom coal and coke. 



Const Itoen to. 


1. 
Coal. 


2. 
Coke. 


S. 
Coke.- 

0.17 
O.OO 
90.84 
8.99 


4. 
Coke.* 


Moisture - 


1.12 
87.86 
66.70 

6.23 


0.26 
1.68 
89.67 
8.39 




Volatile matter - 


1.72 


Fixed carbon _ — 

Ash - - 


94.80 
3.48 




100.00 


100.00 


lOO.OO 


100.00 


Sulphur ~ 

Phosphorus 


.65 
.0055 


.64 
.0118 


.40 

.16 


.48 
.003 



■ J. O. Handy, analyRt. 



» W. H. Wright, analyst Sample dried at 105* C. 



Total wet coal, 35,335 pounds; moisture, 2.42 per cent; total dry 
coal, 34,480 pounds; 4oal wet coke, 23,446 pounds; moisture, 1.3 per 
cent; total dry coke, 23,141 pounds; yield dry coke, 67.11 i>er cent; 
total wet breeze, 1,206 poimds; moisture in breeze, 12 per cent; total 
dry breeze, 1,061 pounds; yield breeze, 3.07 per cent; total yield, 70.18 
per cent. 

By-products per 2,000 pounds of dry coal: Ammonium sulphate, 
27.607 pounds; tar, 106.3 pounds; total gas, 10,000 cubic feet. 

These tests, made by men thoroughly experienced in that work, 
show that the^Upper Elkhorn coal in this part of the field produces 
a coke which is the equal of the standard cokes made in this country, 
and is superior to Connellsville coke in its very low percentage of 
the two impurities, sulphur and phosphorus. It is the belief of some 
who have experimented with it that the strength of coke made from 
Elkhorn coal is increased by the addition of a small amount of 
laminated coal in the charge. 

TONNAGE. 

Any estimate of the amount of coal in this field must necessarily 
be only approximate. It is not absolutely known how far the beds 
extend beneath the surface or whether the average thicknesses shown 
in prospects and mines are maintained for any great distance back 
from the outcrops. It may be assumed that a bed 2 feet thick is 
workable, because beds carrying less than 2 feet of bituminous coal 
are being mined in the United States to-day. 
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The following estimate of the coal now in the ground does not 
include the 3- or 4-foot bed said to be above the Upper Elkhorn coal 
or the 4-foot bed 500 feet above the Flatwoods coal, both of which 
underlie only small areas because they are so close to the ridge tops. 

The tonnage of the Elswick and Bingham coals is estimated on an 
area only one- fourth that of the field, because so little is known of the 
character of these beds. The Auxier and Millard beds are better 
known and are assumed to be of workable thickness under at least 
50 square miles of the 130 which constitute the field. The acreage of 
the Elkhorn and Flatwoods coals was obtained by planimeter from 
the accompfinying map (PL I), the divide at the head of Russell 
Fork drainifcge being taken as the boundary of the field. 

^ ' Butiinatcd grosH tonnage in the Elkhorn coal field. 



Bed and locality. 



Area. 



Elswick.. 
Auxier— . 
MIUard.. 
Biogtiam- 



Lower Elkhorn: 

East of Russell Pork 

Russell Pork to Siielby Gap 

Shelby Oap to head of Elkhorn Greek. 
Upper Elkhorn: 

East of Russell Pork 

Russell Pork to Shelby Gap.. _. 

Shelby Gap to head of Elkhorn Oreek. 
Platwoods.— 



Acres. 
10,200 
32,000 
32,000 
19,200 

12,140 
33,825 
9,150 

4,000 
20,720 
6,425 
2,300 



Total _ - _ 1,146,726,000 



Thickness. 



Feet. 



Amount. 



Short tons. 
86,400.000 
144.000,000 
115,200,000 
103,680,000 

109,200,000 
243,540,000 
49.410,000 

43,200.000 

130,586,000 

92,520,000 

28,960.000 



This estimate is on the basis of a specific gi-avity of 1.3, or 1,800 
tons per acre for every foot of coal. 

These figures are so inconceivable that the idea of the amount of 
coal estimated to be in this field can be gasped only when expressed 
in other terms than millions of tons. The total amount of coal in 
the Elkhorn field is nearly three times as much as all the coal mined 
in the United States in 1905, it is nearly ten times the amount of 
bituminous coal mined in Pennsylvania in 1906, and is equivalent to 
all the bituminous coal mined in Pennsylvania previous to 1902. It 
would make a solid bed of coal 8 feet thick over the area represented 
by the accompanying map or 1 foot thick over 1,000 square miles. 
The 92,500,000 tons of coal in the Upper Elkhorn bed between Shelby 
Gap and the head of Elkhorn Creek lacks only 1,000,000 tons of 
being equal to all the coal mined in Kentucky between 1828 and 
1905; if loaded in 40- foot coal cars carrying 40 tons each, it would 
make a train 17,522 miles long. The total amount of coal in this 
field, over 1,000,000,000 tons, if loaded in the same way, would make 
a train 217,183 miles long, or eight trains extending around the world 
with enough left over to make more than five solid trains reaching 
from New York to San Francisco. r^^^^T^ 
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With improved mining methods and utilization of the slack 80 or 
even 90 per cent of this coal may be marketed. Assuming, however, 
that 30 per cent — the average of present practice — will be wasted in 
mining, there remains a possible output of 800,000,000 tons. 

MINERAL RESOURCES OTHER THAN COAL. 

Sandstone. — In the coal-bearing rocks there is usually an abim- 
dance of stone at one horizon or another suitable at least for rough 
construction work. In this field medium to coarse grained sandstone 
of fair quality is to be found at many places conveniently located 
for quarrying. A sandstone that outcrops at the toouth of Marrow- 
bone Creek and a little above the water on Jesse Creek was quarried 
at these two j)laces by the Chesapeake and Ohio Railway, and the 
blocks were used in bridge and culvert construction. The sandstone 
is rather massive, blue-gray when fresh, and weathers to brown. Its 
texture varies from medium to fine. Some of the bedding is marked 
by black lines of carbonaceous matter, and bed surfaces often are 
black with carbonized vegetable fragments, including even lamellae 
of coal. Mica is abundant in the rock, and brown stains extend along 
lines of fracture. 

Shale. — Little attention has been given to the clays and shales in 
this part of the State. So far as known, there are no heavy beds of 
fire clay in this field, and most of the shales are sandy or slightly 
bituminous and not well adapted for brickmaking. Fine-textiired, 
moderately fusible, and fairly plastic clay shale is required for such 
purposes. 

Limestone. — The Newman limestone outcrops in great abundance 
on the north side of Pine Mountain. Its outward appearance sug- 
gests that it is a pure, high-grade limestone which, in conjunction 
with suitable shale, might be a source of raw material for the manu- 
facture of Portland cement. No analyses of this stone are at hand. 
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PART II -THE RUSSELL FORK COAL DISTRICT, VIRGINIA. 

INTRODUCTION. 

Purpose of this report, — Even at the prasent day there are consider- 
able areas in the Appalachian coal region concerning which no one 
has very definite information. They have escaped examination 
because of their inaccessibility, their heavily forested condition, or 
their remoteness from lines of transportation. A combination of 
these conditions has retarded the prospecting and development of the 
field of bituminous coal here described, which lies in southwestern 
Virginia. 

The extension of the Chesapeake and Ohio Railway up Big Sandy 
River into Pike County, Ky., drew attention to the coal field thus 
made accessible, and the contemplated construction of a railroad 
from Dante, Va., through Dickenson County made it desirable that 
information should be obtained as to the extent and character of the 
coal field in that section. This information would be valuable both 
to people who live in the field and to outside investors. Most of the 
residents of the district have very little idea of the extent of the coal 
or of its value, and hence are wholly ignorant of what they are selling 
when they dispose of their coal rights. They do not realize that a 4- 
foot coal bed yields 6,000 tons per acre. To them the information 
accumulated by this survey and imparted in this report should sug- 
gest the desirability of reserving their coal rights or of getting a fair 
price for their lands rather than, as formerly, selling coal rights by 
the acre for a merely nominal sum, in no way representing the value 
of the right disposed of. To outsiders interested in the discovery 
and development of coal resources this report should be of some value 
in giving the information at present available as to the character and 
thickness of the coal seams and their probable extent. 

With this purpose in view the task of making a reconnaissance 
examination of the coal resources of Riissell Fork of Big Sandy River 
in the summer of 1906 was assigned to the writer. The report on the 
part of the field lying in Kentucky forms the first part of this bulletin. 
The second part — this report — discusses the Virginia portion of the 
Russell Fork field. 

Literature. — Published information relative to this field is exceed- 
ingly scarce. C. Newton Brown made a hasty tour through the 
northern part of Dickenson County and the western part of Bu- 
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chanan County in 1897 and says, in his report on the mineral resources 
of Big Sandy Valley,'* that as a rule the people have given no thought 
to the matter and know very little as to the thickness, number, and 
extent of the coal beds. He states that the beds range in thickness 
from 3 to G feet and some of them are fine bituminous coal. He 
reports no facts other than these, but predicts that large areas of 
workable coal will be found here. 

M. R. Campbell has described ^the geology of regions not far to the 
east and south in the Tazewell and Bristol folios of the Geologic 
Atlas of the United States and in Bulletin No. Ill of the United 
States Geological Survey, on the geology of the Big Stone Gap coal 
field. Brief reports on the coal in scattered corners of this field have 
been written hy various men, but they have not been published. 

Field work. — This report is based on six weeks' field work in the 
fall of 1900. The writer entered the region from Pound Gap on Sep- 
tember 10 and made a circuit through Clintwood, across Cranes Nest 
River, and up McClure Creek to Flint Gap, thence along Sandy 
Ridge to Carrie post-office and down Fryingpan Creek and Russell 
Fork to Jane post-office and the Breaks of Sandy. The greater part 
of the field was reached by side trips from camps along this route. 

The work took the form of a rapid reconnaissance with the purpose 
of covering the whole field described and learning as much as possi- 
ble about the number and character of the coal beds and something 
of their occurrence, distribution, and extent. Time did not permit 
the working out the details of the structure or of the stratigraphy. 
The basis of the map (PI. V, in pocket) accompanying this report is a 
drainage map made for the Clinchfield Coal Corporation by Henry 
Keel, of Clintwood, Va. To it the writer has added the main roads 
and trails, so far as he knows them. They are admittedly incom- 
plete. Some of the roads shown are hardly passable for wagons. On 
this map also is shown the location of over one hundred coal open- 
ings. Most of them were visited and their locations on the map are 
accurately show^n, but a few openings were not seen, and their loca- 
tion is based on descriptions by others. The openings whose loca- 
tions are only approximate are numbered 5, 13, 14, 45, 40, 49, 58, 59, 
61, 76, 77, 85, 86, 87, 88, 89, 90.. 

The field work consisted largely in running road traverse? and plot- 
ting the geology on road sections. Coal banks and prospects were 
visited and measured wherever they could be found. All elevations 
were obtained by aneroid with no bench mark to check the readings. 
Coal outcrops are not shown on the accompanying map for the reason 
that it was not possible in the time allotted to this work to trace and 
map any particular bed or beds. Such correlations as were made are 

« Report of Inspector of Mines of Kentucky, 1000, p. 264. 
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stated in the following pages instead of being drawn imperfectly on 
the map. 

Acknowledgfnents. — The work was done under the direction of G. 
H. Ashley, who spent two days in the field and to whom the writer is 
indebted for helpful suggestions in the preparation of the report. 
To the Clinchfield Coal Corporation, and particularly to W. D. 
Tyler, land agent, and H. B. Wright, engineer in charge, of the 
same corporation, acknowledgment is made for assistance in the way 
of maps and information, and also for personal courtesies. Mr. 
Hardaway, manager of the Cranes Nest mine at Georgel, Va., added 
greatly to the completeness of the report by furnishing many sections 
measured by himself at points where the coal can not now be seen. 
James W. Fox, of New York, and John C. C. Mayo, of Paintsville, 
Ky., furnished private reports by H. W. Rietz, Jansen Haines, and 
others, which contain notes on parts of the area, and for which 
acknowledgment is made. The South and Western Railway kindly 
supplied topographic maps of routes surveyed across Dickenson 
County. D. E. Llewellyn, of Wise, Va., has provided the writer with 
maps and other data. C. W. Dodge, jr., assisted in the geologic work 
during the first two weeks. An attack of typhoid fever prevented his 
finishing the season, but he spent part of the following winter in the 
office preparing the illustrations for this report. To each of these 
gentlemen the writer acknowledges his indebtedness, and to the in- 
habitants of the district he extends his thanks for courtesies and 
assistance rendered in various ways. 

GEOGRAPHY. 

Location. — The area discussed in this report is that part of the 
drainage basin of Russell Fork of Big Sandy River which lies in 
Virginia. It includes Dickenson County and adjoining portions of 
Buchanan and Wise counties. The area extends from the head of 
Russell Prator Creek, near Grundy, to the head of Pound River, at 
Black Mountain, and is bounded on the other two sides by Pine 
Mountain and Sandy Ridge. It contains about 550 square miles of 
heavily wooded, thinly populated, mountainous country. 

Surface relief. — Sandy Ridge, the southeastern boundary, has a 
general elevation of 3,000 feet. Pine Mountain, called locally 
" Cumberland Mountain," having an equal elevation and separating 
Virpnia and Kentucky, forms the northern and western boundary. 
Black Mountain, at the head of Pound River, attains an altitude of 
3,800 feet and is the highest point in the field. The divide between 
Russell Fork and Levisa Fork is from 2,000 to 2,500 feet above sea. 
The general elevation of the main streams is 1,500 feet, and the lowest 
40858— Bun. 34a— 08 6 ^ , 
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point is where Russell Fork passes through the Breaks at the north- 
eastern end of Pine Mountain. The elevation on the State line at 
the mouth of Grassy Creek is approximately 900 feet. 

For the most part the country is made up of steep-sided, narrow- 
topped ridges, and may be classed as mountainous. The ridges be- 
tween Fryingpan, Lick, and McClure creeks are examples, and Big 
Ridge, as it is called, between McClure Creek and Cranes Nest River, 
is a strong feature of the topography. It is 15 miles long, and rises 
from 500 to 800 feet above the creeks, which are from 1 to 4 miles 
apart. The crest of the ridge is from 2,100 to 2,500 feet above sea 
level and varies scarcely a quarter of a mile from a straight line 
throughout its length. 

There are no level areas of great extent in this section of the State, 
the largest being some of the flat tops of the ridges, which are com- 
paratively level for a mile or more, but not over a few hundred yards 
wide. The valley bottoms are narrow, often affording little more 
than room for a road along the side of the stream. 

J)raina(je, — As the area here described is the basin of Russell Fork 
all the drainage passes into Kentucky through the Breaks of Sandy 
at the north end of Pine Mountain. The principal streams tributary 
to Russell Fork are Pound River, McClure Creek, and Fryingpan 
Creek. Pound River, the largest, rises at Black Mountain on State- 
line Spur and flows northeast parallel with Pine Mountain for 25 
miles. Cranes Nest River, a fork of Pound River, is of about the same 
size as McClure Creek, each having a basin about 20 miles long. The 
winding courses of the streams make their total lengths much greater 
than the length of the basins. In this report the " right " and " left " 
sides of a stream are relative to the position of a person facing 
uyHtveam^ thus conforming to the usage of this region. 

Forests. — Much of this country is still covered with a fair growth 
of typical southern Appalachian hardwood forest. Cleared tracts 
are not at all extensive. Chestnut, yellow poplar, white and red oak, 
maple, beech, ash, hickory, and sycamore are common. Papaw. 
buckeye, cucumber tree, and black walnut are Jess common but not 
rare. Black walnut trees of any considerable size are scarce and bring 
a high price, though not many years ago they were cut up for fire- 
wood and fence rails. 

Lumbering is fast stripping some of the best stands of timber, 
and at the present rate of increase in the industry the day is not far 
distant when many hillsides, worthless for any other purpose, will 
l)e cleared and left bare of timber or soil. Logs to the number of 
30,000 or 40,000 were jammed in the Breaks for four years and may 
have retarded the lumber business in that section temporarily, but the 
jam broke in Januarv% 1907. On Pound River near the mouth of 
North and South forks a steam tramroad has been built, portable 

Digitized by ^ *^ 



GEOGRAPHY. 83 

sawmills have been introduced and logs are coining out at a rapid 
rate. The lumber is hauled by the tram to the railroad at Norton. 

The timber in this country is sufficient to attract considerable at- 
tention and should be the basis of a thriving industry, but with the 
present wasteful and unscientific methods of lumbering a once valu- 
able asset will soon be exhausted and the region will be left in a 
condition unfavorable for the further production of forest gi'owth. 
As the area lies near the heads of the river the resulting increased 
flood danger w ill not be so great here as it will be in Kentucky. 

The timber resources of the section described are sufficient in 
quantity and quality to support any coal-mining industry that may 
be developed here. 

Settleitient, — Dickenson County has an area of 324 square miles 
and a population of 7,747. The area of the Russell Fork basin in 
Virginia is 550 square miles and the population probably does not 
exceed 10,000. The settlements are confined to the valleys and are 
all very small, only one having a population of more than 100 people, 
and that is the county seat, Clintwood, which numbers 255. There is 
<mly one colored resident' in Dickenson County, a little girl living at 
Ilaysi. 

Farming and lumbering are the principal occupations of the j^eople. 
Com is the chief crop and is of necessity raised in small patches on 
steep hillsides. 

Arcessihility, — There is no ready access to this country except by 
some gap in the surrounding mountains. Pine Mountain, State-line 
Spur, and Sandy Ridge form a continuous barrier on three sides, with 
a general elevation of 3,000 feet, while the fourth side, the divide 
between Russell and Levisa forks, is but little less of a barrier. 

Wagon roads are not numerous. One of the principal roads is from 
Dumps Creek over Sandy Ridge, down Fryingpan Creek to Russell 
Fork, down that stream to the mouth of Russell Prator, and then over 
the hills to Grassy Creek and through the Breaks to Elkhorn City, 
Ky. The road from Grundy comes down the Russell Prator, crosses 
Russell Fork at the mouth of McClure, crosses the hills to the mouth 
of Cranes Nest, and follows the crest of the ridge to Clintwood. It 
goes up Georges Fork, down Hamilton Creek to Pound River, and 
dividing follows up both forks to Flat Gap. A road from Pound 
leads over Pound Gap to the head of Elkhorn Creek, Ky., and another 
goes up Indian Ci*eek to Glamorgan and Wise. 

Entering the region from Dante the road crosses neither Flint Gap 
or Trammel Gap, goes down McClure to a point 2 miles below the 
mouth of Caney Creek, crosses to Cranes Nest River, and then up 
Long Branch to Clintwood. From Clintwood one may continue 
north down Brush Creek, cross Pound River, and climb the mountain 
to Blowing Rock Gap, which leads to ^Vshcamp, on Elkhorn Creek, in 



84 COALi KESOURCES OF THE RUSSELL FORK BASIN. 

Kentucky. Traveling by wagon on any of these roads is slow. The 
customary method of traveling in this country is on horseback. 
Haul roads and bridle paths are numerous, so that ahnost any point 
is accessible by these. 

The nearest railroads are the Clinch Valley division of the Norfolk 
and Western Railway on the south and the Big Sandy branch of the 
Chesapeake and Ohio Railway at Elkhom City, Ky., on the north. 
A railroad into the region from the north through the Breaks could 
be built at considerable expense. The South and Western Railroad 
has a route surveyed through the Breaks to the mouth of Cranes Nest 
River with a maximum compensated grade of less than 1 per cent 
This route, which would connect the railroad at Dante with the Ches- 
apeake and Ohio at Elkhom City, extends up McClure to Trammel 
Gap, where Sandy Ridge would be pierced by a long tunnel. An- 
other feasible route would be up Dumps Creek, under Risers Gap by a 
tunnel, and down Fryingpan Creek. A narrow-gage steam railroad 
extending from Norton to Pound is used exclusively for lumbering. 

GENERAI^ GKOX.OGY. 

STRATIGRAPHY. 
GENERAL STA'ITSMENT. 

The rocks of this field belong to the Pottsville group of the Car- 
boniferous. Three formations are represented in whole or in part 
The lowest is the Lee conglomerate. This is overlain by the Norton 
formation, which makes the surface of the greater part of the area. 
The lower members of the Wise formation cap some of the higher 
portions of the ridge along the southern and eastern boundary of the 
region. The Lee conglomerate is about 1,000 feet thick, the Norton 
approaches 1,100 feet, and 200 or 300 feet of the Wise formation are 
present, making a total stratigraphic section of about 2,400 feet 
These formations are described in detail. 

LEE rONOIX)MERATE. 

A sandstone and conglomerate, 1,000 or more feet thick, which is 
prominent in this part of the Appalachians, is known as the Lee con- 
glomerate, named from Lee County, Va., where it is conspicuous in 
the Cumberland escarpment. This is composed largely of massive 
sandstone, but may contain some thin sandy or shaly beds. Two or 
three coal beds have been found in it at various places. The name 
conglomerate was applied to this formation because some portions of 
it, particularly the top and bottom, carry considerable quantities of 
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small white quartz pebbles up to the size of a robin's egg. The for- 
mation as a whole weathers to a grayish 
white, may be somewhat iron-stained on the 
inside, and is coarse grained. Cross-bedding 
is commonly found near the top of the for- 
mation. 

The Lee conglomerate is exposed along the 
east side of Pine Mountain (Cumberland 
Mountain) from State Line Spur to the 
Breaks of Sandy, where it has a thickness of 
about 1,000 feet. In the gorge known as the 
Breaks the formation is exposed in sheer 
cliffs several hundred feet high. The fault 
along the west side of Pine Mountain throws 
it high in air, so that the base of the forma- 
tion is seen at Pound Gap and a little above 
Osboms Gap. In fact, the bottom of the 
formation forms much of the crest of the 
mountain. North of the river the amount 
of displacement along the fault decreases, 
and on Cow Fork of Grassy Creek it is so 
small that the escarpment is lost and the 
top of the formation is but little above 
creek level. 

The conglomeratic character of the forma- 
tion can be seen near the mouth of Camp 
Branch, a tributary of Russell Fork, at the 
Breaks, and along the crest of Pine Moun- 
tain, where in places the surface is strewn 
with quai-tz pebbles weathered from the 
base of the Lee. 

On Russell Fork above the mouth of In- 
dian Creek a massive sandstone which car- 
ries white quartz pebbles and is believed to 
l>e the top of the Lee is exposed for several 
miles. At the mouths of Indian and Hurri- 
cane creeks it forms cliffs 100 feet high and, 
rising gradually to the east, keeps above 
water nearly to the heads of the streams. 
The top of the Lee, according to a hurried 
field correlation, is but a few feet above 
Coimcil post-office, on Russell Fork, and 
reaches water level one-half mile above 
there, near the coal bank of Isaac J. Hurt. 
The identification of the Lee on the head of Russell Fork, is ba^d on 
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the close lithologic resemblance to its occurrence in Pine Mountain and 
on the impression gathered by riding over the country that the rise 
of the rocks in this corner of the county ought to bring the Lee to the 
surface. Confirmatory paleontologic evidence was not obtained. 

NORTON FORMATION. 

A series of sedimentary rocks consisting of sandstone, shale, and 
coal, and having a thickness of 1,000 feet or more, lies above the 
Lee conglomerate and is known in this part of the Appalachians 
as the Norton formation. It was first described by M. R. Campbell 
in Bulletin No. ^111, on the Big Stone Gap coal field of Virginia 
and Kentucky. He ascribes a thickness of 1,280 feet to the forma- 
tion and defines it as lying between the I^ee conglomerate and the 
Gladeville sandstone. The formation probably varies in thickness, 
for there is some disagreement among sections containing it; the 
sections in the bulletin just mentioned and in the Bristol and Estill- 
ville folios by the same author are not alike, and the section measured 
by the writer is a little different from any of the others. 

According to a section of the rocks measured by aneroid from 
Trammel Gap to Dante on the edge of this field, to which was added 
the record of a diamond-drill hole at Dante, the thickness of the 
formation is 1,060 feet. This estimate is based on an assumption 
that a heavy sandstone found in the drill hole 257 feet below the 
surface is the top of the Lee conglomerate, and that a sandstone 
carrying white quartz pebbles and exposed in Trammel Gap is the 
Gladeville. The base of this conglomeratic sandstone is only 250 
feet above the Upper Banner coal, and this raises a question as to 
the correctness of the correlation, as Mr. Campbell has described 
the Upper Banner as being 400 feet below the Gladeville sandstone. 

The Gladeville has not been described as conglomeratic, but 
always is referred to as a massive sandstone about 100 feet thick. 
As this conglomeratic bed at Trammel Gap is the nearest approach 
to a massive sandstone found in the ridge above the Tapper Banner 
coal, and as it is at the same elevation above the coal as the massive 
Gladeville in the ridge between Cranes Nest River and Pound River, 
the writer has accepted the correlation of the bed bearing quartz 
pebbles in Trammel Gap as the Gladeville, thus obtaining an almost 
direct measure on the thickness of the formation. 

So far as known a detailed section of the Norton formation has 
never l)een published. That which follows is based on a fairly 
complete section seen at Dante, Russell County, on the south side 
of Sandy Ridge, and on shorter sections measured at various points 
in Dickenson County: 
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Section of Xorton formation, ^ 

Feet. 

Coal 3 

Sandstone, thln-beddcni 80 

Shale 00 

CJoal, small bloom seen 1 

Sandstone, massive 100 

Coal, Upper Banner 5 

Sandstone, shaly, and shale 80 

Sandstone 20 

Coal, Lower Banner l)-A 

^. Sandstone, massive 50 

coal 2 

Sandstone and shale _' UK) 

Coal, Widow Kennedy • 6 

Sandstone iiO 

Shale and thin sandstone 90 

Sandstone carrying 15 inches of coal 20 

Sandstone and shale 230 

Sandstone, massive 00 

Shale 15 

(Vwl 3-15 

Shale 15 

1, (k;3 

From this it appears that the Widow Kennedy coal is approxi- 
mately 450 feet, the Lower Banner coal 700, and the ITpper Banner 
800 feet above the I^ee conglomerate. 

GLADEVTLLE SANDSTONE. 

There is a question in the mind of the writer as to the identifica- 
tion of the Gladeville sandstone in Sandy Ridge, where the greater 
part of the above-described section was measured. Nothing in the 
ridge closely resembles the Gladeville as it is conspicuously developed 
between Wise, Clintwood, and the mouth of Cranes Nest River. 
East of Nickels Gap, near Puncheon Tree Branch of Cranes Nest 
River, the Upper Banner coal is 250 feet, below the base of the Glade- 
ville sandstone. In this part of the county the Gladeville is 100 
feet thick, makes strong ledges, and strews the surface with large 
blocks which are conspicuous because of their abundance and gray 
color. The rock is coarse grained, resembling the Lee in all respects 
except that, so far as observed, it is not conglomeratic. At the same 
elevation above the Upper Banner in Sandy Ridge is found a sand- 
stone which carries a few quartz pebbles and which it is assumed 
may be the equivalent of the Gladeville, filthough, according to Mr. 
Campbell, the interval between the Gladeville and Tapper Banner 
coal at a point a few miles farther west is 400 feet, or 150 feet greater 
than the interval here. 
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WISE FORMATION. 

The lower portion only of the Wise formation is found in this 
area. Its extent and distribution is not known because the Glade- 
ville sandstone has not been traced over the whole field. It occurs 
only in the tops of the ridges except in the vicinity of Clintwood 
where it is brought down to an elevation of about 1,800 feet by a 
structural depression. From Clintwood northeast the Wise forma- 
tion caps the ridge for several miles, or until the Gladeville rises 
to the top near the mouth of Cranes Nest River. It is probable 
that the Wise formation also makes part of the ci-est of Sandy 
Ridge and of Big Ridge between Cranes Nest and McClure creeks. 

The Wise formation is composed of sandstone and shale like the 
Norton formation and contains a few coal beds. One coal bed which 
lies at or near the base of the formation attains a thickness of 8 feet 
on Lick Fork and Georges Fork near Clintwood. 

STRUCTURE. 
GENERAL STATEMENT. 

Second in importance only to the determination of the amount 
and quality of coal in a prospective field is the detailed determin- 
ation of the structure of the beds in that field. On this depends 
the proper location of development work for economical exploita- 
tion of the coal, for natufal drainage of the mines, for favorable 
grade to loaded cars, and other points which make coal mining 
a paying or a losing proposition. 

The determination of structure which shall be of any value to min- 
ing engineers or others interested in the development of a coal field 
must be made with considerable care and accuracy. Frequent expos- 
ures of the reference stratum or of the deformed surface being 
mapped are necessary to the success of the work, and if the barometer 
is used for elevations it should be checked regularly at some bench 
mark of known elevation. 

In this field, covering 550 square miles, there is no bench on which 
to check the barometer readings, and, on account of the heavily 
wooded character of the country and undeveloped condition of the 
coal resources, it was not possible to carry the correlation of any par- 
ticular stratum over the entire field. Consequently in the six we^ks 
given to the work it was not possible to work out the structure in 
detail. 

DESCRIPTION. 

For the most part the rocks in this area lie comparatively flat, 
The average dip will scarcely exceed 50 feet to the mile. Only 
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the general features or most conspicuous l^tructure will be de- 
scribed. From the crest of Pine Mountain to Pound River and 
Russell Fork below the mouth of Pound River the rocks dip strongly 
to the southeast at angles decreasing in greatness toward the south- 
east. At the top of the mountain the conglomerate and massive sand- 
stone at the base of the Lee dips to the east at angles as high as 25°, 
whereas near Pound River the dip is less than 10°. This carries the 
Lee conglomerate rapidly below the surface, so that it is not seen east 
of the river except below the mouth of Pound River on Russell Fork. 

In the triangle between Pound River, Cranes Nest River, and the 
county line the structure as shown by the Gladeville sandstone dips in 
a general way toward Brush Creek or a point on Pound River north 
of Clintwood. In other words the Gladeville is lowest on Brush 
Creek or in that vicinity, a little higher at Clintwood, and rises to the 
southwest to the head of Lick Fork, and to the northeast reaches the 
top of the ridge near the mouth of Cranes Nest River. This makes a 
syncline or basin along Pound River. 

In that portion of Wise County which is included in this discussion 
the syncline along Pound River is readily recognized. The axis seems 
to lie between North and South forks and the lowest point is near 
the junction of the two, for the rocks dip down South Fork, Indian, 
Bowlecamp, and Mill creeks. 

^roughout the rest of the area under discussion, from Sandy 
Ridge to Cranes Nest River, the rocks, as far as could be discovered 
in a hurried reconnaissance, dip generally to the north, and north- 
west. There are some minor interruptions, such as the south dip on 
Russell Fork near the mouth of Indian Creek and on Russell Fork 
from Birchleaf post-office to Duty Branch, but these are not thought 
to be numerous or extensive. 

FAUTiTS. 

It is well known that a great fault extends along the west side of 
Pine Mountain for many miles, interrupting the continuity of the 
Virginia and Kentucky coal fields. The eifect of this overthrust fault 
is very plain on the Virginia side of the mountain, for it tilts the rocks 
up to an angle of 25° and brings all of the Lee conglomerate to the 
surface. This fault is on the Kentucky side of Pine Mountain, but 
north of the Breaks of Sandy it crosses the State line on Grassy Creek 
and is marked by an escarpment which decreases in height toward the 
northeast until on Cow Fork it is scarcely recognizable. It is possi- 
ble that the fault terminates in a northward-plunging anticline on 
Levisa Fork, though such an anticline, if it exists, must be a very 
minor feature as compared to the fault.** 

An escarpment 100 feet or more in height on the flank of Pine 
Mountain near the head of Skeet Rock and Lower Twin branches 
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suggests that it is a fault face, but for lack of time and because it is 
beyond the limits of the coal beds, it was not studied. The road runs 
along the crest of this escarpment for some distance. A notch in the 
crest of Pine Mountain, known as " Skags Gap," suggests cross fault- 
ing in the ridge. One side of the notch ,as seen from the south is 
nearly perpendicular, and in that way differs from the other gaps. 

Parallel faults 75 yards apart and trending N. 40° W. were found 
at the mouth of Pound River. The amount of displacement was not 
ascertained. One of these faults crosses Pound River at the dam and 
directly under the gristmill which is situated here. On the lower 
side of the dam is the Lee conglomerate, rising 40 feet above the 
water, while on the upper side beds of shale dip away from the fault. 
Angular blocks of the Lee are seen in the fault at the door of the mill. 
Sandstone overlying the shale dips upstream for a short distance, 
but at the ford, less than one-fourth mile above tlie mill, the dip is 
downstream. 

The second fault makes a displacement in the Lee and extends 
along the west bank of Russell Fork, crossing Pound River at its 
mouth. This fault is conspicuous at low water, for the rock floor of 
Pound River breaks off abruptly in a straight line into the deeper 
water of Russell Fork. Time did not permit of a determination of 
the extent of these faults. The accompanying illustrations (PI. VI, 
A and B) show the faulting better than it could be shown by any 
further description. 

A small fault making a displacement of about 20 feet in a massive 
sandstone was noted at the ford just below CoUey post-office, near the 
mouth of Fryingpan Creek. On Priest Fork, less than one-fourth 
mile above the mouth, the dips in some of the outcrops are very strong, 
and a cliff in the stream above John Riser's house shows some dis- 
turbance which seems to indicate a small fault. A coal opening above 
the road near Riser's house also shows a little displacement of the 
strata. It is not known that there is any relation between the faults 
at these two places, but the suggestion that there may be is strength- 
ened by the occurrence of a very sharp little fold at the third bend 
in Russell Fork above Murphy. These three points are in line and 
may be related. 

On Russell Fork, about 1 mile above the mouth of Hurricane 
Creek and near Spencer Ball's house, there is some indication of a 
fault. A massive sandstone, supposed to be the top of the Lee, which 
can l)e traced from the head of the river to this point, gradually de- 
creasing in elevation, here suddenly disappears, and shale standing 
at high angles is seen at the same elevation. A short distance below 
Ball's the heavy sandstone ledges appear again and continue to the 
mouth of Hurricane Creek, where the top of this conspicuous stratum 
is about 70 feet above the creek. The dip continues downstream for 
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a short distance, but reverses, so that the same sandstone makes a 
cliff 100 or more feet high at the mouth of Indian Creek. Although 
highly tilted strata or faults were not seen on Indian Creek, it is 
notable that there is a possibility of the continuance of the above- 
described disturbance a little below Duty. The heavy sandstone, sup- 
posed to be the Lee, on Caney Fork of Indian Creek, dips gently down- 
stream to a point about one-fourth mile below the mouth of Caney. 
There the conspicuous ledges disappear, and it is said the large coal 
bed in this vicinity shows evidence of disturbance. Farther down- 
stream the massive sandstone ledges appear again, but they are dip- 
ping strongly upstream. This is not suflScient evidence for drawing 
the continuation of the fault seen at Ball's across to Indian Creek, 
but to those considering investment in this part of the field the sug- 
gestion may be of value. 

At Ilaysi, a few rods east of C. M. Heyter's store, sandstone, shale, 
and thin streaks of coal are exposed in the highways, standing vertical 
and striking north and south. Just west of the store, in the road in 
front of Mr. Garrett's house, there is a 2-foot coal which dips 70° 
and strikes N. 65° W. In the head of a ravine on Mrs. Winnie 
Scyphers's land and below Garrett's house the rocks are greatly dis- 
turbed and indicate proximity to a fault. Sandstone at the head of 
the ravine stands vertical, and a few rods below is shale which is both 
contorted and vertical. Between these outcrops coal dipping only a 
few degrees is exposed under a roof of jointed sandstone. The rela- 
tion of this sandstone to the other rocks suggests that its broken 
condition is due to the strain of faulting. Farther down the ravine 
the rocks are horizontal. 

It is possible that other minor faults or sharp folds of small extent 
may be found on closer investigation of the field. 

COAIi BE80URCE8. 

GENERAL STATEMENT. 

On account of the undeveloped condition of the coal resources of 
this region and because of the reconnaissance character of the survey, 
it is not possible for the writer to name and describe the extent of 
the various coal beds occurring in the area. Many of the coal out- 
crops lie several miles from the next, and in the wooded condition of 
the country it was impossible to carry correlation over distances so 
great. Certain beds were traced throughout small areas, but in some 
parts of the field no horizon was recognized with certainty. 

Five coal beds of economic importance were recognized and will bo 
referred to by name wherever the identity is established. The lowest 
of these is a bed from 3 to 15 feet thick which, in the author's opinion, 
occurs a few feet above the top of the Lee conglomerate. Paleonto- 
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logic or other evidence has not yet been obtained to confirm this point. 
This horizon is below the surface of the greater part of the area, but 
is exposed on the head of Kussell Fork and its tributary, Indian 
Creek. Here the coal has a thickness of 8 feet or more at a number 
of openings. Because of the interest of S. J. Tiller, postmaster at 
Duty, Va., in the development of this coal, it will be called in this 
report the Tiller coal. It probably corresponds to the Elswick coal of 
the Elkhorn field of Kentucky. 

The Widow Kennedy coal, which has been mined for a number of 
years at Dante and is exposed east of Tacoma, Va., is 400 to 450 feet 
above the Ijee conglomerate. So far as the writer's limited observa- 
tions go this coal has sandstone for both roof and floor. The roof 
sandstone at some places is fractured by numerous joints. The bed 
varies greatly, thicknesses of 3 feet and 12 feet having been seen in 
the same mine, and at another point it decreases from 7 feet to 1 foot 
in 50 yards. Faulting strains or other forces seem to have disturbed 
this coal more than the otfiers, and in many places it is crushed, 
contorted, and filled with balls and bands of clay,, so that its value is 
greatly decreased. 

Approximately 700 feet above the Lee conglomerate is the Lower 
Banner coal, which is mined at Dante and Toms Creek. This coal 
is about 4 feet thick and occurs above 50 feet of massive sandstone. 
It is little known in the area described, and the fact that it has not 
been found elsewhere may indicate that it is thin and unimportant. 

One hundred feet above it is the Upper Banner coal, 4 to 5 feet 
thick, which is widely known in Dickenson County by numerous pros- 
pects. A sandstone parting 1 to 3 inches thick occurring in the upper 
part of the bed is a peculiar characteristic of this coal. 

In the vicinity of Clintwood a coal l>ed 5 to 9 feet thick occurs just 
above the (iladeville sandstone and has been opened in a number of 
places. The fuel supply of the county seat comes from this bed. The 
writer can not definitely correlate it with any seams previously de- 
seril)ed, and in this report will call it the Clintwood coal. Its great- 
est development is west of Clintwood. 

A description of the exposures seen at prospect trenches, coal banks, 
and natural outcrops in all parts of the area will give an idea of the 
character and distribution of the coal beds. To facilitate description 
the field will be divided into four parts, namely, the drainage basins 
of Pound Kiver, Cranes Nest River, McClure Creek, and Russell 
Fork. 

RUSSELL FORK. 

Genei'al statement. — ^The section of the field described under the 
heading Russell Fork includes all the tributary drainage of Russell 
Fork on the east from its head to Grassy Creek, at the State line, 
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and Fryingpan and Lick creeks on the west. Most of this section is 
very thinly settled and little prospecting has been done for coal except 
on Indian Creek, where there is an unusually thick bed, and on Fry- 
ingpan Creek near Bucu post-office. 

Council. — A coal was once opened about 20 feet above the store at 
Council, on the head of Russell Fork, but the opening is caved now. 
One-third of a mile above Council, beside the road and only a few 
feet above the creek, there is a coal bank belonging to Isaac J. Hurt, 
where coal is mined regularly. An entry has been driven 100 feet N. 
10° E. slightly up the rise of* the coal, which dips northwest. The 
bed is 5^ feet thick (1)« and contains 2 inches of clay and 30 to 36 
inches of laminated coal in the middle. It has a sandstone roof and 
floor (PI. VII, B). 

The term " laminated " used in this paper is applied to coal which 
is crushed, soft, and flaky, which slacks readily and is high in ash. 
" Rash " is another word for the same thing. In places the laminated 
coal is crumpled and has many smooth, polished surfaces. The evi- 
dence indicates that it is the result of lateral movement in the inclos- 
ing rocks. 

A few rods upstream from the Hurt coal bank the sandstone which 
forms the floor of the coal is seen to be of sugary texture and finely 
conglomeratic. The white quartz pebbles and the general rise of the 
rocks lead to the conclusion that this is the Lee conglomerate. If so, 
this is a coal not elsewhere described, for the first coal bed known 
above the Lee conglomerate in Virginia is the Jawbone, which is de- 
scribed in the Bristol folio as 150 feet above the Lee conglomerate. 
As already stated, this will be called the Tiller coal. 

Below Council this coal is higher above the creek and the conglom- 
erate is conspicuous and abundant, making ledges on both sides of 
the stream. Noah G. Ball opened the coal back of his house and 100 
feet above the creek, but it is concealed now. The thickness is re- 
ported as 7 feet. About 100 yards below Ball's, in a hollow on the 
north, there is a prospect which shows a horizontal shale roof and 5 
feet of coal with bedding highly tilted. Three-quarters of a mile 
below Ball's the ledges of Lee conglomerate disappear and shale ap- 
pears at the same elevation. This change is one-eighth mile above 
Spencer Ball's and is attributed to a fault. Three hundred yards 
below Spencer Ball's an outcrop in the road shows shale standing 
nearly vertical with horizontal shale on both sides. The disturbance 
from the original position of the beds at this point is apparent. The 
conglomerate appears again shortly and continues to the mouth of 
Hurricane Creek, where it makes a conspicuous ledge 70 feet high. 

•Figures In parentheses correspond to locations numbered on the map (PI. V) and to 
coal sections numbered on accompanying group of coal-section figures. A letter following 
the figures means Uiat two or more sections were measured at one opening. 
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It is reported that coal has been found on top of the conglomerate in 
a hollow near the mouth of Hurricane Creek. There is a strong dip 
to the rocks down Russell Fork for a short distance, but it reverses, 
bringing up the Lee, which makes a cliff at the mouth of Indian 
Creek. 

In the bank of Russell Fork at the north end of a suspension bridge 
just below the mouth of Indian Creek there is a 22-inch bed of coal 
under a 100- foot ledge of sandstone supposed to be the upper part of 
the Lee. Fossils found in the rcM)f shale were too poor to determine 
the exact stratigraphic position of the bed. 

Indian Creek. — Ledges of heavy sandstone supposed to be the top 
of the I^e conglomerate are exposed on Indian Creek from its mouth 
to at least a mile above the mouth of Caney Fork and 2 miles above 
Duty post-office, on the main fork of the creek. 

Near the three forks of the right fork of Indian Creek, on J. H. 
Musick's land, and 200 feet above the stream, there is an opening 
which shows a coal bed 12 feet thick containing two shale partings 
which are 22 and 33 inches thick (2). This section was obtained 
from H. Hardaway and is believed to represent the coal which lies 
on top of the Lee. 

Near Doctor Comb's house, on the left fork of Indian Creek, there 
is an opening on the left side of the creek on a coal bed reported by 
Mr. Hardaway to be nearly 5 feet thick (3). Only 4 feet could be 
seen at the time of the writer's visit. If this is not the same as the 
Tiller coal, it is not much over 100 feet above it. 

On the Van Sutherland tract at the head of the right fork of main 
Indian Creek there is an opening which exposes a l)ed, supposed to be 
Tiller coal, 12 feet 5 inchas thick (4). The thickest parting in this 
bed is 18 inches, but much of the coal is inferior. The shale roof is 
fossiliferous and shows concentric structure. 

In Cane Gap an opening driven 30 feet S. 10° W. up the rise shows 
the Tiller coal 15 feet 4 inches thick (5), according to a measurement 
by Mr. Hardaway. The bottom part of this, 4 feet 10 inches thick, 
is fine solid coal and the remaining 10 feet contains 4 feet of clay and 
shale. In the first hollow south of Cane (Jap and just over the ridge 
from Sutherland's there is an opening close to Elijah Rasnick's house 
which, according to Mr. Hardaway, is driven 50 feet S. 70*^ E. and 
j^hows a bed 6 feet 2 inches thick (6) similar to the lower part of the 
bed at Cane Gap. The upper part of the bed is concealed. Directly 
over the ridge from Rasnick's on Caney Fork drainage a drift was 
once run 20 feet S. 25° E., but is caved now. Only 6 feet 1 inch of 
the lower part of the bed was exposed (7), of which 18 inches is curly 
and flaky. 

At the head of the left fork of Caney Fork above S. J. Tillers 
house this coal has been opened in several places. NeaiMJie head of 
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the fork Hiram Tiller has dug into the outcrop and reports the bed 
13 feet 4 inches thick ; the writer saw over 11 feet of coal, but the bed 
may not have been entirely exposed (8). In the woods 110 feet above 
the creek an opening was made to obtain fuel for a locomotive used 
in logging. A " switch back " was built to the entrance and an entry 
driven east 120 feet on the coal. The bed is 8 feet thick and 5^ feet 
of it was mined (9). 

On Caney Fork above N. B. Sutherland's house this bed has a 
thickness of 11 feet (10) and is not heavily burdened with shale or 
clay partings. This section was measured by Mr. Hardaway. Ac- 
cording to his classification it contains 26 inches of laminated and 
rashy coal and shale. The writer did not see the coal at this point, 
but presumes the laminated coal referred to is a bony coal and that 
the rash is a soft, crushed, flaky coal. One-half mile below Suther- 
land's on the right of the creek an opening about 100 feet above the 
water has been driven S. 45° E. on the same bed, wliich is a trifle less 
than 8 feet thick. In a field on the point of the hill on the left, 1 
mile above the mouth of Caney Fork, the David Tiller pit driven 
west down the dip shows the coal just 8 feet thick but the middle 3 
feet carries 3 partings which aggregate 17 inches of shale. 

Just below the forks of Caney Fork and less than 1 mile above 
Indian Creek an opening on the west of the stream close to the road 
is reported by Mr. Hardaway to have shown the Tiller coal over 14 
feet thick (11). This is known as the Pitzer and Lindsay opening. 
When visited by the writer this pit was partly caved and only the 
upper part of the section could be verified. On the north side of a 
hollow which joins Caney Fork on the west side at this point there 
is an exposure at water level of 30 inches of coal under a sandstone 
roof. Although this is 60 feet lower than the Pitzer and Lindsay 
opening it is supposed to be the top benph of the same coal brought 
to water level by a strong northwest dip which is apparent at the last 
mentioned exposures. 

S. J. Tiller reports that a 4^-foot bed of coal has been opened in 
this vicinity about 100 feet above the big coal bed, but it is nowhere 
accessible at the present time. lie also states that an 18-inch bed has 
been seen at water level near the mouth of Caney Fork. It was not 
observed by the writer, but if the correlation is correct this would l>e 
the same as the 22-inch bed at the mouth of Indian Creek. Between 
the mouth of Indian Creek and Abners Branch, a mile below, there 
is a coal bloom at the highest point in the road on the south side of 
the creek. Probably it is an unimportant bed of small thickiffess. 

Bee, — The rocks rise rapidly up Abners Branch and it is possible 
that an 18-inch coal bed exposed about 75 yards up the hollow back 
of Bee may be the same as that just mentioned. At John Burrill's 
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in the gap at the head of Abners Branch an outcrop shows 17 inches 
of coal under 20 inches of shale and a sandstone roof (12). 

Murphy. — ^The only coal seen on Russell Fork between Abners 
Branch and Fryingpan Creek is a small outcrop on Little Pawpaw 
Creek 300 yards above Robertson's house. Here 15 inches of coal is 
exposed under a ledge of sandstone close to water level. The whole 
bed may not have been seen. On the opposite side of the branch and 
a few rods farther up there once was an opening which is reported to 
have shown 3 feet of coal. It is said that there is a bed exposed 3 
miles up Little Pawpaw Creek, where Charles Green gets fuel for his 
sawmill. Two feet of coal is reported back of Samuel Deel's house 
just below Murphy, but it is not now exposed. 

Fryingpan Creek, — At the gap between the heads of Fryingpan 
and Indian creeks on the road from Carrie post-office to Jeff Power's 
there is a coal 4 feet 3 inches thick (13) which is believed to be the 
Upper Banner, This conclusion is based both on the stratigraphic 
position of the coal and on the presence in the upper part of the bed 
of a thin band of sandstone, which is a distinguished characteristic 
of the Upper Banner bed. It is reported that one-fourth of a mile 
southwest of Jeff Power's house the same coal is over 6 feet thick, but 
contains a parting of clay 1 foot thick (14). It se^ms from the 
evidence in the two sections that in one (13) the whole thickness of 
the bed is not exposed and more coal will be found in the floor. 

In the yard at Sutherland's store, at Bucu, coal has been taken from 
the outcrop of a 32-inch bed (15) lying under shale; and close to the 
road on Left Fork one-third mile above Bucu there is an entry driven 
N. 35** W. on a 5-foot bed, another coal lying a little higher than 
the one just described, under heavy sandstone. The coal is in two 
benches separated by 10 inches of clay (16). The rocks seem to dip 
-westward in this vicinity, and it is possible that the same coal has been 
opened one-fourth mile below Bucu in the east bank near Adolphus 
Kiser's store and on the opposite side of the stream at Z. T. Suther- 
land's. 

An opening at Kiser's shows 3 feet 10 inches of coal with only 
one-half inch of parting (17). Twenty-five feet above it 20 inches 
of coal is exposed. On the opposite side of the creek the Sutherland 
opening shows a 5-foot 10-inch bed, which is peculiar in that the lower 
2 feet 3 inches is a mixture of clay and laminated coal standing on 
edge. From 10 to 15 inches below the roof there is a foot of bony, 
mashed, slickensided coal (18). This may be the Widow Kennedy 
bed. 

One mile below Bucu there is an opening by the roadside now 
partly caved, which has a roof of sandy shale that shows conchoidal 
fracture. The coal is disturbed, being particularly curly in the lower 
40858— BuU. 348—00 7 r" ^^^T^ 
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part of the bed, which is reported to be 5 feet 7 inches thick (19). 
Near Harve Power's, farther down the creek, another opening by the 
road is reported on the same bed and with the same thickness (20). 

The Upper Banner coal has been opened in the head of the hollow 
back of Harve Power's, not far from Clement V. Rasnick's, on top 
of the ridge between Fryingpan and Lick creeks. It is 500 feet 
higher than the creek at Power's house. The coal is exposed in a 
20-foot drift on the farther side of a spur 300 yards from W. G. 
Honaker's house. It is under a 50-foot ledge of sandstone and is 
over 6 feet thick (21). On the other side of the same branch a drift 
run 20 feet N. 80° W. down the dip shows the Upper Banner coal 
bed nearly 7 feet thick (22), according to a measurement by Mr. 
Hardaway. Less than 20 inches of the bed is clay or bone. 

At the ford just below CoUey there are two bands of coal 12 inches 
thick separated by 3 feet of sandstone and clay (23). The bed is 
of no value and is terminated at one end of this outcrop by a fault. 
There is 1 foot of coal in the road at the mouth of Priest Fork. 

Lick Creek. — Coal exposures are few on Lick Creek. A 1-foot 
bed outcrops in the cliff one-fourth mile below the mouth of Dog 
Branch, and a pit on the left fork of Dog Branch one-half mile above 
Lick Creek near J. W. Self's house reveals a little coal. The shale 
roof at this point is regular and horizontal, but the coal is in irregular 
blocks or gobs mixed with contorted clay. Although the coal has been 
mined along the crop for 30 feet, no regular bedded coal was seen. 
The condition of the bed and its geologic relations suggest that this 
is the Widow Kennedy coal. An opening at creek level near the 
head of Beech Branch, at John Diel's, is on the Upper Banner coal. 
The bed is 4 feet thick (24) and has the characteristic sandstone 
parting. 

Birchleaf. — ^A road opening on Russell Fork near Birchleaf, one- 
eighth mile south of Dicks Branch, is reported to have shown 4 feet of 
coal, and a short drift at T. K. Colley's at the mouth of Duty Branch 
shows about 4 feet of crushed and rolled coal under a roof of badly 
crushed or jointed sandstone. The roof is so treacherous that the 
pit is not kept open. Some of the coal has slickensided faces, and the 
whole appearance suggests the Widow Kennedy bed. The dip from 
the mouth of Fryingpan Creek to Dicks Branch is downstream. 

Russell Prator Creek. — Russell Prator Creek, which enters Russell 
Fork opposite McClure Creek, is the largest of the eastern tributaries, 
but its coal resources have received little attention. There is a 1-foot 
bed in the road above Albert Owen's and a 15-inch bed one-fourth 
mile above Prator, on the left fork. C. C. Clevinger reports a bed 
5 feet 10 inches thick in the top of the mountain 1 mile above the 
mouth of Greenbrier Fork. At the head of War Fork, 2^ miles 
above Prator, there is an opening in the hillside opposite and 130 
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feet above Larkin Owens's house and 100 feet below the top of the 
ridge. It has been driven 12 feet S. 70° E. up the rise and shows 
a bed (25) 4 feet 8 inches thick containing only one-half inch of 
clay. This coal is probably less than 200 feet above the creek at 
the mouth of War Fork and may be the Upper Banner. W. G. 
Raines reports that a 6-foot coal with no partings has been opened 
at the head of War Fork by Isaac Viers. This coal is caught only 
in the knobs on top of the ridge. A 3-foot bed of coal is reported 
near the head of the left fork above Prator. 

On Greenbrier Fork of Russell Prator there are some small open- 
ings by the roadside a short distance above the mouth on a 15-inch 
and a 2-foot bed which are only 4 feet apart. On the east of Green- 
brier, 2 miles above the mouth and 400 feet above the road, Albert and 
Wiley O'Quinn have recently run a drift about 20 feet in a south- 
westerly direction. The bed is over 5 feet thick, but has several thin 
partings (26). 

An opening on Z. T. Raines's land at the head of Greenbrier Fork 
shows (27) 29 inches of coal, and two small openings on the same bed 
close to Joshua O'Quinn's house show about 2 feet of coal. 

Haysi. — In the road a few rods west of the store at Haysi a 2-foot 
coal bed dipping north at an angle of 70*^ indicates a fold or fault at 
this point. The exposure is in front of a house occupied by Mr. Gar- 
rett on Mrs. Winnie Scyphers's land. In a ravine beyond the house, 
under a strongly jointed sandstone and between rocks standing verti- 
cal, there is an outcrop showing 15 inches of coal, 3 feet of fire clay, 
and at least 1 foot of coal below. The bed dips at a small angle and 
can be of no value on account of the greatly disturbed condition of 
the rocks. 

At the head of the first west branch of Russell Fork above Pound 
River is a small excavation from which Mrs. Winnie Scyphers has 
taken a little coal. Six inches of bone and 2 feet of coal (28) com- 
pose the bed which dips strongly toward the northwest. One going 
from Haysi finds this opening in the first field on the right of the 
road, beyond the woods north of Mount Olive church. Along this 
road to the mouth of Pound River several coal blooms are seen, and 
one striking N. 20° W. crosses the road with a vertical dip. 

Barts Lick. — On the road from the mouth of McClure Creek to 
Jane, on Hunts Creek, a coal bloom is exposed in the gap at the top of 
the ridge between Russell Prator Creek and Barts Lick, and at three 
points within 150 feet below the gap on the north side of the ridge. 
At the foot of the steep grade in the bed of the run tributary to 
Barts Lick a small amount of coal has been obtained by stripping a 
1-foot bed in the road. One mile up Barts Lick from where the road 
going north leaves the main stream a 2-foot coal bed (29) occurs at 
the mouth of the first right hollow below the splash dam, in a pit 12 
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feet above the branch and 300 yards below Dr. J. W. Wright's house. 
It also shows in the bed of the branch close to the house. In 1906 
coal was being mined at this place for use in a sawmill. At the crook 
of the road on the right fork of Camp Branch there is an opening on 
a coal bed nearly 5 feet thick (30) which has a 12-inch clay parting. 
The dip is strong to the east. This coal is not over 100 feet above the 
Lee conglomerate which shows in the branch below the forks, and 
may possibly be the Tiller coal. 

Gras8y Creek, — On Hunts Creek, the main fork of Grassy Creek, 
there is an opening by the roadside 2 miles above Jane, on the road 
to Grundy, which shows 2 feet 10 inches of coal with a shale roof and 
sandstone floor. A drift has been driven 15 feet down the dip which 
is toward the southeast. Half a mile farther the same coal has been 
opened in two places close together. These are caved now, but 
appear to have exposed between 2 and 3 feet of coal. On the south 
of Hunts Creek, one-half mile below the gap leading to Bull Creek, 
there is a timbered opening on the Yellow Poplar Company's land 
driven south 10 feet which shows 4 feet 1 inch of coal with one-half 
inch of clay 5 inches from the top of the bed. This opening is di- 
rectly across the creek from a rocky ledge in the road. In a sag 
close to this ledge and 30 feet above the road this coal was opened 
once, but is now concealed. 

On the branch which joins Hunts Creek from the east at Jane three 
openings were seen. The first of these is about one-third mile above 
Jane, in the hill on the left of the creek back of Tom L. Owens's house. 
It is 200 feet above the creek and is being worked by a drift which 
has been driven north 20 feet. The bed (31) is 2 feet 11 inches 
thick and contains a 7-inch clay parting. On the same side of the 
creek 1\ miles from Jane, on the K. Silas Stiltner farm, there is an 
opening back of the house and 50 feet above the creek showing a 2- 
foot bed of coal with two thin partings (32). 

About 1 mile above Jane, on Noah MuUins's land, there is a pit in 
a hollow on the south from which coal is taken every winter. It has 
been driven 30 feet in a southwest direction and shows from 28 to 30 
inches of coal with shale roof and fire-clay floor. On the east of Abes 
Fork of Grassy Creek, in Old House Branch, the Yellow Poplar 
Company made three openings on a bed 1,270 feet above sea level. 
At one opening the bed is 4 feet 2 inches thick with a 7-inch clay band 
near the bottom, and at another it is reported to be 5 feet thick with 
the same clay parting. An opening on the left of Old House Branch 
shows the same bed over 6 feet thick (33) at the face of the drift, 
which is 1 foot more than at the outcrop. These openings are very 
close to the Pine Mountain fault and within a few rods of the State 
line. 
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m'clure creek. 

McClure Creek heads against Sandy Ridge between Carrie and 
Fuller Gap, and flows north and east to join Russell Fork 3 miles 
above the mouth of Pound River. The occurrence of coal prospects 
in this basin will be described in geographic order from the head of 
the creek to the mouth. 

Trammel Creek. — At the head of Trammel Creek a drift driven 20 
feet S. 15° E. at the bend of the road 275 feet below Trammel Gap, 
on the Brooks farm, shows the Upper Banner coal (34) 4 feet 11 
inches thick. The sandstone parting is 21 inches below the roof and 
is practically the only part of the bed that is waste material. The 
section is the same in the mine of the Clinchfield Coal Corporation 
at the head of Lick Creek on the other side of the ridge. This mine, 
known as No. 3, is situated on a tract of land lying under Low Gap 
and eventually it may be extended through to the north side of the 
ridge for natural drainage. 

The Lower Banner coal has been opened in Trammel Creek, on 
Laban Phillips's place, to get coal for a steam engine used in diamond 
drilling. The drift extends a distance of 30 feet S. 20° E. and shows 
4 feet of coal underlain by 3 inches of clay and 4 inches of bone. In 
the Clinchfield mine No. 2 at Dante on the other side of the ridge the 
average thickness of the Lower Banner coal is about 3^ feet. 

A pit opposite the schoolhouse near the mouth of Trammel Creek 
shows the Widow Kennedy coal 7 feet thick, but decreasing rapidly 
with depth. A diamond-drill hole 150 feet away showed only 1 foot 
of coal at this horizon. 

Uom,ade, — Back of the post-office and store at Homade on the head 
of McClure Creek Reuben Owens has faced up a coal bed, which prob- 
ably is the Lower Banner. The north- 
35 41 west dip makes the bed lower here than 

^H^mS^^"^ ^ey*(S23? ^^ ^^® ^outh side of Sandy Ridge. 

«^^ Nearly 4 feet of solid coal was visible, 
3" but the floor was hidden so that the 
8" whole bed was not measured (35). A 
small coal seen in the road farther up- 
stream, and 100 feet higher than this 
exposure, is also believed to be the 
Lower Banner. Blooms of two other 
coals were seen higher in the ridge at 
250 and 450 feet below the gap. The 

B'lQ. 18. — Lower Banner coal on i x* £. Tr«T a. r\ ' 

McClure Creek. clcvatiou of Fhut Gap IS approxi- 

mately 2,750 feet, or 1,000 feet higher 
than the mouth of Trammel Creek. Trammel Gap is 2,533 feet above 
sea level. 

The Widow Kennedy coal was once opened in the north hillside at 
the mouth of Roaring Fork 50 feet above water, but the pit is caved 
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and nothing was learned of the character of the bed. No openings 
were seen between Roaring Fork and Open Fork. 

Open Fork, — The Grissell opening (36) at the head of Open 
Fork and on the opposite side of Sandy Ridge from Big Laurel 
Branch of Lick Creek shows the Upper Banner coal nearly 7 feet 
thick. Four feet of this bed is good available coal, leaving 8 inches 
of fire clay and 11 inches of coal in the floor, and 3 inches of coal over 
7 inches of shale in the roof. 

The Milton Carico opening (37) on the Upper Banner at the 
head of Middle Fork shows the bed divided by the same partings 
as at Grissell's, but the total thickness of the bed is less. At the out- 
crop it measures 6 feet 3 inches and at the face of the drift 6 feet 5 
inches. The graphic section was measured by Mr. Hardaway at the 
face. An opening three- fourths mile above tiiis, on the right of the 
stream, shows the Upper Banner less than 5 feet thick, but there is 
less waste in the bed. 

An opening (38) on Coon Branch of Open Fork at Rasnick's, 
according to Mr. Hardaway, shows the Upper Banner coal over 9 
feet thick, but containing a 35-inch clay and shale bed 41 inches from 
the floor. The Lower Banner, exposed near Mr. Rasnick's house, 
is 6 feet thick, but has 2^ feet of fire clay in the middle of the bed. 
The Widow Kennedy coal is reported from 3 to 5 feet thick near the 
mouth of Middle Fork. At Rasnick mill, on McClure Creek below 
the mouth of Open Fork, there are three openings on the Widow 
Kennedy coal about 75 feet above the road. The bed is in the midst 
of heavy sandstone and is 6 feet thick, but is so badly mashed and 
distorted as to be of questionable value. Jointing is conspicuous in 
the roof sandstone. 

Caney Creek. — At the head of Caney Creek, close under Gibson 
Gap, the Upper Banner coal has been prospected by a drift 100 feet 
long at Alec Odle's. The bed at the outcrop (39) is 8 feet thick 
and at the face of the drift (39 a) 8 feet 10 inches thick. It con- 
tains a number of very thin partings. On Samuel Horn's land, on 
Homspring Branch, the Upper Banner carries the same number 
of thin partings and is 7 feet 5 inches thick (40). At a distance 
of 50 feet this bed shows 3 partings aggregating nearly 2 feet in 
thickness (40 a). The Lower Banner (?) coal as seen in the stream 
bank at the mouth of Homspring Branch (41) is 21 inches thick. 
These sections on Caney Creek were kindly furnished by Mr. Harda- 
way. Probably other openings have been made on this creek, for 
coal is reported on Rock House Branch, but none was seen. 

On McClure Creek 1 mile above the mouth of Caney Creek 25 
inches of coal is exposed in an old opening close to the road, and at 
George Dyer's, one-fourth mile above Caney Creek, there are two 
openings on the same bed, one of which is caved. An entry driven 40 
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feet down the dip is filled with water, and the thickness of the bed 
could not be determined, but it appeared to be about 5 feet. Thi^ 
may be the Widow Kennedy coal. 

Squirrelcamp Branch. — Just below the forks of Squirrelcamp 
Branch on the right of the stream, near a house, and 120 feet above 
the water, there is a 15-foot entry (42) on the Upp)er Banner 
coal. The bed, which dips S. 35° E. at an angle of 6°, is 6 feet 9 
inches thick, including 15 inches of shale near the top. On the right 
of the left branch one-eighth mile above the forks the Upper Banner 
is divided by the same number of small partings and one thick 
one (43), while on the left of the branch -(44) the bed is in the 
same condition, except that the top bench of coal and the thick part- 
ing are wanting. At the head of Squirrelcamp Branch on the left 
of the stream and 100 yards below a house the Upper Banner coal is 
5 feet 4 inches thick (45), and one-fourth mile below this on the 
Love Stanley tract on the right of the creek and just above the road 
it measures 4 feet 8 inches (46). It is possible that prospecting in 
the roof wiU show another bench of coal here just as at the forks. 

On the east of McClure Creek one-half mile below Squirrelcamp 
Branch at the lower end of the W. J. Ring tract the Upper Banner 
coal is over 7 feet thick, a 16-inch bench of coal occurring in the roof 
(47). On the west of McClure Creek, opposite the first bend one- 
fourth mile below Squirrelcamp Branch (48), this bed is 4 feet 8 
inches thick. The section includes only 8 inches of coal above the 
sandstone parting. At the head of a hollow on the Ring tract there 
are two openings, in one of which the Upper Banner is 4 feet 10 
inches and in the other 5 feet 5 inches thick. These sections resemble 
very closely the measurements of the Upper Banner on Squirrelcamp 
Branch. 

Mill Creek. — In the vicinity of Mill Creek the Upper Banner coal 
has been prospected extensively and several sections have been 
obtained showing the character of the bed in detail. Most of the 
measurements are by Mr. Hardaway. 

On the northwest bank of McClure Creek three-fourths mile up- 
stream from Mill Creek and 200 feet above water level the Upper 
Banner is 5 feet 3 inches thick (49), with three thin partings. 
On the opposite side of McClure Creek, at the bend 1 mile above 
Mill Creek, there is another prospect, but the thickness of the coal 
was not learned. 

An opening opposite the mouth of Mill Creek 190 feet above the 
water (50) has been driven a distance of 30 feet N. 70^ W. The 
bed is 5 feet 7 inches thick and is divided by three partings aggregat- 
ing 4 inches. The Lower Banner should be about 75 feet below, but 
has not been opened. 
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The Upper Banner coal on House Fork of Mill Creek is 5 feet 8 to 
10 inches thick, having the usual three thin partings found in this 
region, which aggregate less than 6 inches of waste. These features 
are shown by three openings, one at the head of the fork and two on 
the left of the stream. 

On Toms Fork of Mill Creek the Upper Banner was measured by 
the writer in a ir)-foot drift just above Eli Wright's place (51). 
The coal is under a 40- foot sandstone, is 5 feet 4 inches thick, and 
shows a persistence of the three thin partings in this vicinity. An 
opening opposite Wright's house, measured by Mr. Hardaway, dupli- 
cates this section within* an inch or two. 

A prospect on Sykes's land, one- fourth mile below Low Grap 
Branch on the east of McClure Creek, 260 feet above the water, 
shows the Upper Banner 6 feet thick (52). This coal has prac- 
tically the same section on the Floyd Viers tract ; the appearance of 
the bed is shown in PL VII, A (p. 92), from a photograph furnished 
by Mr. Hardaway. Two pits near the head of Low Gap Branch re- 
vealed the same bed 5 feet 2 inches thick. One of these pits (53) 
was driven 60 feet, and supplied coal to the neighborhood. So far 
as learned there are no coal openings on the lower 5 miles of McClure 
Creek. 

CRANES NEST RIVER. 

Extensive prospecting at the head of Cranes Nest River shows 
the character and position of the Upper Banner coal on Steele Fork 
and Trace Fork. The writer did not visit this section and the 
measurements are all by Mr. Hardaway. 

Steele Fork, — On the west side of Steele Fork there are five open- 
ings, beginning one-half mile above the mouth, which show the 
Upper Banner varying from 1 foot 5 inches to 2 feet 7 inches in 
thickness. It seems likely that the bed is split and only the lower 
portion was found, for in an opening IJ miles from the mouth of 
the fork (54) the bed is 9 feet 4 inches thick, but carries 5 feet 9 
inches of shale and clay in two partings. 

At the head of Steele Fork the Upper Banner is exposed in three 
openings, having a lower bench of coal from 15 to 20 inches thick 
and an upper bench from 19 to 22 inches thick separated by 1 inch 
of sandstone. Three openings near Boatwright's house, which is 
on the west side of Steele Fork 2^ miles above the mouth, show 
(55) practically the same division and thickness of the bed, but open- 
ings one-half and 1 mile below Boatwright's show the bed with in- 
creased thickness due to the addition of several inches of carbona- 
ceous shale and 9 inches of coal to the top of the bed (56). 

Trace Fork. — Openings made at short distances from Fuller Gap 
to the mouth of Trace Fork show the character of the Upper Banner 
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coal. At the head of the creek, where the coal is at water level, the 
bed is 3 feet 2 inches thick and contains 1 inch of fire clay and IJ 
inches of sandstone. At places a little farther downstream it meas- 
ures 3 feet 4 inches, 3 feet 9 inches, and 4 feet, and in each place 
has 1 inch of sandstone 12 to 18 inches from the top. At John 
Lodge's house, which is I3 miles above the mouth of the fork, the 
Upper Banner coal is 35 inches thick on the right and 26 inches thick 
t>n the east of the creek (57). At Harrison Adkins's 27 inches is 
exposed and one- fourth mile farther downstream, on the east, the 
bed is 5 feet thick. In the latter place the increased thickness is 
due to the presence of a 21-inch seam of coal separated from the main 
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Fio. 20. — Upper Banner coal, head of Cranes Nest River. 

bed by 11 inches of fire clay (58). Whether this is a local devel- 
opment or a case of more thorough prospecting is not known. It 
may be the former because in an opening reported to be up the hollow 
below the fan house of the Cranes Nest mine, on the head of Trace 
Fork, a bed measuring 7 feet 1 inch (59) diminishes to about 3 
feet in a drift 300 feet long by the disappearance of the bottom fire 
clay and coal. 

On the Wilson Adkins tract, one-fourth mile below the mouth of 
Steele Fork, an opening on the east of Cranes Nest River reveals 4 
feet 5 inches of coal separated into two benches by 8 inches of fire 
clay. This is reported to be near the horizon of the Upper Banner, 
but it does not show the usual sandstone parting. 
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Birchileld Fork. — So far as learned there has been but little pros- 
pecting on Birchfield Fork. The only opening reported is on Henry 
Plummer's land in a hollow on the east of the fork 2 miles above the 
mouth. In this pit, according to measurements by Charles Adding- 
ton, the thickness of the Upper Banner varies from 5 feet 1 inch 
(60) to 5 feet 10 inches (60a). The increase in thickness is due 
largely to a band of shale which swells from 12 to 22 inches. In the 
mine at Glamorgan, which is on the opposite side of the ridge from 
the head of Birchfield Fork, the bed averages 4 feet 4 inches thick 
and contains two very thin partings, but the writer did not have 
opportunity to attempt a correlation with any of the coals of Dicken- 
son County. 

Lick Fork, — About 2 miles above the mouth of Lick Fork and 400 
feet higher than Jim Robinson's house a prospect (61) shows the 
Clintwood coal nearly 13 feet thick. In addition to the remarkable 
thickness, according to Mr. Hardaway, this bed is noteworthy for 
containing only 7 inches of shale or other partings. Isom MuUins 
opened this coal at the head of Lick Fork (62) and found the 
bed nearly 10 feet thick with 3 inches of partings. At the time it 
was visited in 1906 the opening was partly caved, and only 4 feet of 
coal was visible. In a field above this on the. east of Lick Fork the 
bed is 10 feet 7 inches thick with 5 inches of shale in three partings 
(63). The prevailing dip is northwest. 

Clintwood. — Carload samples of the Clintwood coal have been 
shipped from the Beverley opening (64) to test the coking qual- 
ity. This opening is on Honeycamp Branch, a small tributary of 
Cranes Nest River south of Clintwood, and the coal is reported by 
H. W. Reitz to be 6 feet 9 inches thick without partings. At the 
head of Keel Branch prospects made by Henry Keel show this bed to 
be 10 feet 4 inches thick (65) in the opening at the edge of the woods 
and 8 feet 7 inches thick (66) at the field opening. An entry has been 
driven 100 feet, but the roof is weak and requires heavy timbering. 

The John Lane opening, on Holly Creek one-half mile west of 
Clintwood, has an entry about 250 feet long, and shows 4 feet 6 inches 
of coal at the face. A combination of the upper part of the bed as 
seen at Lane's and the lower part as shown at Vanover's, on the oppo- 
site side of the creek, according to Mr. Hardaway, gives a total 
thickness (67) of 10 feet. It does not pay to remove the 20-inch fire 
clay to get the lower benches of coal. The same bed at the Joe Glenn 
opening, near by, is reported to be 6 feet thick with a 4-inch parting 
13 inches above the floor. Two entries on the Clintwood coal just 
south of the village and 150 feet above Holly Creek are caved, and 
the sections were not obtained. The bed is said to be of the same 
thickness as at the Lane opening. 
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A considerable part of the coal used at Clintwood for domestic 
purposes is supplied by a small mine at the head of Long Branch 
owned by R. E. Chase and J. K. Damron. The opening is on the 
Clintwood coal, which is above the Gladeville sandstone, and at this 
p>oint about 1,960 feet above tide. An entry has been driven over 150 
feet on a bed reported to be 6 feet 3 inches thick (68). Only the 
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Pio. 21. — Clintwood coal on branches of Cranes Nest River. 

upper bench is mined. This is 4 feet 4 inches of solid coal. A sam- 
ple of Ihis coal was taken by C. W. Dodge for analysis, and the result 
is given in the table on page 119. 

The Upper Banner coal has been opened at a number of points be- 
tween Honeycamp Branch and the mouth of Cranes Nest River. On 
the south of Cranes Nest, one-fourth mile above Keel Branch, on 
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Pres. Flemings's land, the bed is 5 feet 11 inches thick (69), with 
10 inches of fire clay near the bottom, and one-fourth mile above 
this it is 5 feet 4 inches thick with 8 inches of shale near the top (70). 
Near the latter point the Lower Banner coal has a thickness of 3 feet 
2 inches with a streak of shale in the middle (71). 

At R. G. Baker's, above the mouth of Camp Creek, an opening 100 
feet above the water shows at least 2 feet of coal (72). The bottom 
of the bed was hidden, so the entire thickness was not determined. 
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Fig. 212. — Coals on Cranes Nest River. 



On the same side of the river below the mouth of Long Bi-anch a bet! 
(73) a little over 2 feet thick has been opened by K, D. Bush for 
domestic use. 

The Upper Banner coal; according to Mr. Hardaway, has a thick- 
ness of 3 feet 4 inches (74) on Holly Creek, and 3 feet 10 inches 
(75) on Chase's land in Bartley Branch, which is the next branch 
below Holly on the same side of Cranes Nest River. Another opening 
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on. the north of Cranes Nest above Levi Bartley's house, which is 
above the mouth of Bartley Branch, is said to show the Upper Banner 
coal 4 feet 6 inches thick (76), and an opening on the Cochran 
property, one-half mile above the last, shows 4 feet 5 inches (77). 

Delaney^s mill. — The Upper Banner coal has been prospected at a 
number of points near Delaney's mill on Cranes Nest Eiver below 
Dwale. One of these, in a small watercourse close beside the trail 
which leaves the river about one- fourth ipile above the mill, is under a 
sandstone ledge and has over 4 feet of coal (78) with only a thin 
sandy parting. Another is 180 feet above the river at C. G. Rakes's, 
the neift house below Delaney's. This bed, as measured by the writer, 
is 4 feet 9 inches thick and has 8 inches of waste (79). Openings 
on Sugarcamp Branch opposite the mill and in the hill on the left of 
the river opposite Delaney's house have caved, but are reported to 
have shown the Upper Banner coal 4 feet thick with the usual thin 
sandstone parling and two or three one- fourth-inch shale bands. It is 
said to be 4 feet 1 inch thick on Honey Branch above J. F. New- 
berry's, and 5 feet 3 inches (80) at the head of Tarpon Branch 
one-half mile below Low Gap. At this point, according to Mr. Harda- 
way, there is an extra parting of 2 inches of fire clay 27 inches above 
the floor. No prospects were heard of below Tarpon Branch on 
Cranes Nest River. 

The above notes show an average thickness of 4 feet for the Upper 
Banner coal on Cranes Nest River below Clintwood. It is a good 
mining proposition, because the coal is high grade and the amount 
of waste in partings is small. The bed is 100 to 300 feet above the 
river and has a gentle dip to the northwest. 

POUND RIVER. 

Pound River heads at Black Mountain and flows northeast 25 miles 
to join Russell Fork. Its course is parallel with Pine Mountain, but 
its length is greatly increased by loops and bends. Prospects for coal 
are more numerous on Indian Creek, Bowlecamp Creek, and Georges 
Fork than elsewhere on Pound River or its tributaries. 

South Fork. — Reuben Bowling has taken coal from the bank of 
South Fork about 1^ miles below the source or one- fourth mile above 
the road to Flat Gap. The bed (81) is over 4 feet thick, but con- 
tains a 10-inch clay parting. Two drifts have been driven 25 feet 
S. 30*^ E. This bed is said to have been opened at one or two other 
places in the vicinity. Good coal is reported on C. F. Robinet's land, 
in the hollow below the road forks leading to Flat Gap, and an 18- 
inch coal is exposed in the road near the forks. On G. W. Hilton's 
land, at the mouth of Fox Gap Hollow, there is 28 inches of coal in 
a pit dug in the hillside across the road from his house. Coal blooms 
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were seen near Bond Mill and it is reported that 2 feet of coal bas 
been found on John Stedman's land and was once stripped below the 
milldain. 

Farther down South Fork a 2-foot bed of coal shows in the road, 
and in the creek bluff close under the road at the upper end of Thurs- 
ton Banner's land there are two coal beds 10 or 15 feet apart The 
lower one is almost at water level and shows 23 inches of coal, and 
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Fio. 23. — Coals on Pound River and Its branches. 

the upper one (82) is 2 feet 3 inches thick. Opposite Tliiirston 
Banner's house there is a prospect which, he reports, disclosed 23J 
inches of coal. The coals from Bond Mill to Banner's rest on a mas- 
sive sandstone and probably are the same bed. 

At the mouth of Glady Fork a small pit dug by J. P. Quails shows 
B feet of coal, the upper part soft and the lower part hard. This 
bed shows 2 feet 9 inches of coal in the river bank a short distance 
below the mouth of Glady Fork, 
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Several coal blooms are exposed in the road along the lower part 
of South Fork, but the only pits noted are on the land of Milbum 
Gilliam, above the road on the east of South Fork, about one- fourth 
mile from its mouth. Two old entries, one of which is said to be 150 
feet long, are badly caved, and a third was opened in the autumn of 
1906 to supply fuel for a locomotive operating on a lumber tramroad. 
The bed (83) is 4 feet 4 inches thick but contains a clay parting 
1 foot thick. It has a fossiliferous shale roof. 

North Fork, — Very little coal was seen on North Fork, and the 
chances of there being any worth much attention on the right or 
mountain side of the stream are small.. It is reported that W. A. 
Bowling has a pit at Flat Gap on a 4- foot bed and that there is a 20- 
inch bed at George Adams's, 4 miles below Flat Gap. At Henry 
Short's, 1 mile above Meadow Branch, there is said to be a 2-foot bed 
of coal in the watercourse below the house, and a 4-foot bed is reported 
in the head of the hollow but it is not now exposed. In the hollow 
just below Meadow Branch and back of Josh MuUins's house a 12-inch 
and an 18-inch bed of coal are exposed in the shale bed of the branch. 
One is 30 feet above the other. 

The only coal pit seen on North Fork is in the south bank opposite 
the Pound Gap road, or less than one-fourth mile above the forks. 
It is merely a small drain under a sandstone ledge where E. M. Sow- 
ards has dug a few tons of coal. The bed is 3 feet 3 inches thick 
(84) and the lower 2 feet is block coal. It is about 125 feet above the 
creek. 

Coal blooms were seen in two or three places on the road from 
Pound to Pound Gap and a 1-foot coal is exposed on top of the Lee 
conglomerate about 500 feet below the gap. 

Indian Creek. — Near the head of Indian Creek the bloom of a 
coal apparently about 2 feet thick is exposed in the road in two or 
three places. The bed dips downstream. There is also on the upper 
end of the creek and 100 feet above it an old entry now partly filled 
with water in which 3^ feet of coal (85) can be seen. The whole 
thickness of the bed was not learned. It dips S. 80° W. at an angle 
of 4°. Farther down the creek, 2 miles above the mouth, Mr. Hard- 
away reports a bed at water level and gives a measurement of 4 feet 
6 inches (86), with the note that there is said to be 2 feet of coal 
below the visible portion of the bed. This is at J. H. Blair's, where 
a pit 25 feet above the creek is reported to have shown a 5-foot bed 
(87) containing an 8-inch parting. There is evidence of slight local 
folding of the rocks along this part of the creek. 

An opening just above the Craft house, on the Chase tract, is said 
to have been driven 150 feet on a coal bed, the upper bench of which 
is 2 feet 9 inches thick. There is a coal bloom in the road above 
40858— Bull. 348—08 8 
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the Tidewater Lumber Company dam, and at the mouth of Indian 
Creek a 16-inch bed of coal shows beside the road 200 feet from 
Pound River. 

Bowlecamp Creek. — At the head of the main fork, known as Dotson 
Fork or Baker Ford, a 3-foot bed of coal is reported below Alec 
Power's (88), and one-eighth mile farther downstream and at the 
same elevation this bed is 3 feet 5 inches. On the George L. Baker 
place, in the same locality, an opening has been made on a bed of coal 
over 10 feet thick (89) which has a close resemblance to the Clint- 
wood coal at the Lane and Keel openings (PL VIII, A). It is on top 
of the Gladeville sandstone and 150 feet above a coal which shows as 
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Pio. 24. — Cllntwood coal on Bowlecamp Creek and Georges Fork. 



a small bloom in the road. One hundred and seventy feet above 
Jim Baker's house (90) the same bed has thinner shale partings and 
is 8 feet 6 inches thick. 

A 4-foot coal (91) has been exposed on the John Boggs place, 
on MuUins Fork of Bowlecamp Creek, and the same bed is reported 
on the main fork below Bud Hamilton's. In the bed of McFall? 
Fork, at an elevation of 300 feet above Pound River, there is a coal 
bed (92) reported to be 6 feet 6 inches thick. Near the head of 
Hamilton Fork, about 90 feet above the creek in a pit back of Grant 
Meade's house, overlying a massive sandstone believed to be the 
Gladeville, is the Clintwood coal bed, from 4 feet 8 inches to 5 feet 
thick (93). A 4- foot 10-inch bed is reported 300 feet higher in 
the hill above the Meade opening on the land of Ira Mullins, and 
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a bloom which may be this coal shows in the road about 70 feet below 
Georges Grap. At the head of Mill Creek, in a pasture one-fourth 
mile back from J. E. Alley's house, about 4 feet of coal is exposed in 
a surface pit. This bed lies on top of a conspicuous massive sand- 
stone seen along the road below Alley's house and is probably the 
Clintwood coal. On the trail from the head of Mill Creek to the 
mouth of Bear Branch a 1-foot coal outcrops 200 feet above Pound 
River, and a similar bed occurs in a hollow back of Filmore Eding- 
ton's on the west bank of Pound River between Bear and Whiteoak 
branches. 

Georges Fork. — ^The Clintwood coal, described as 10 feet thick on 
Lick Fork of Cranes Nest River, has been prospected at a number 
of points at the head of Georges Fork and found to be over 8 feet 
thick under a considerable acreage. On the east of the creek, one- 
half mile below Georges Gap, on property of the Cranes Nest Coal 
and Coke Company, 4 feet of coal is exposed at the Hibbett prospect. 
The pit is partly caved and filled with water, however, so that the 
whole bed could not be seen. The thickness, according to Mr. Hard- 
away, is 13 feet 1 inch (94), of which only 20 inches is shale or fire 
clay (PI. Vni, B) . Three-fourths of a mile below this, on the left of 
Georges Fork, is the Baumgardner opening, in which the Clintwood 
coal is 9 feet 8 inches thick (95). An entry has been driven about 25 
feet. 

Two miles below the head of Georges Fork, in a hollow on the west 
side of the creek, an opening (96) on Samuel Elkin's land shows the 
Clintwood coal nearly 6 feet thick, and another prospect on the left of 
the creek belonging to Manuel Mullins (97) is reported over 11 feet 
thick with an aggregate of 14 inches of waste in 5 partings. 

On Georges Fork, 1 mile above its mouth, in the rear of Jame^ C. 
Willis's house, there is a coal bed reported to be 2 feet 7 inches thick, 
with a 1-inch shale band near the bottom. The dip is strong down- 
stream, and what is believed to be the same bed has been dug into by 
John Trivitt at water level one- fourth mile up the branch whose 
mouth is at Freeling. Two entries have been driven 20 feet on the 
coal, which is 4 feet (98) at this point. 

Dwah. — ^Along the ridge road from Clintwood to the mouth of 
Cranes Nest River, coal blooms are exposed at a number of places. 
Two miles north of Clintwood, at a place where Campbell Willis is 
quarrying building and curbstone from the Gladeville sandstone, the 
bloom of a coal on top of the Gladeville can be seen, and the same 
bed, which is probably the Clintwood coal, should be found near the 
spring at the schoolhouse near Wood's store. Small coal blooms are 
common in the road at Dwale, and in a spring beside the road 30 feet 
below Nickels Gap, on J. H. Artrip's land, there is a 16-inch bed (99) 
containing a 3-inch clay parting. 
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Coal has been stripped from the bed of a small hollow on the land 
of W. J. Flemings, 1 mile northeast of Clintwood, but the thickness 
of the bed is not known. Two feet of coal could be seen above the 
water. This coal is inmiediately above the Gladeville sandstone, as 
is also a bloom seen 2^ miles northeast of Clintwood at Buddy Neal's 
and at Isom Flemings's, just over the divide, on the head of a branch 
which flows into Pound River. Isom Flemings has taken coal from 
the spring opposite his house, but has not uncovered the bed enough 
to determine its thickness. 

Near the ford at W. R. Stone's, below Nickels Gap on Pound River, 
there is a 13-inch coal bed in the south bank close to water level, from 
which a small amount of coal has been taken. 

East of Dwale and Nickels Gap there is a strong coal bloom in the 
road above Jim Scyphers's, which is said to mark the location of a 
4- foot bed. In the ravine below Scypher's house a small pit in the 
woods (100) discloses a 5-foot 2-inch bed of coal which seems to 
be near the base of the Gladeville sandstone. The small coal last 
mentioned is in the bank of Pound River, just above the mouth of 
this ravine. 

Cane Branch. — Along the road from Draten Musick's store to 
Mount Olive Church there are a number of small coal blooms, and at 
water level on Cane Branch, 200 feet below the point where the road 
crosses the creek, W. M. Davis has drifted 20 feet under a sandstone 
ledge on a bed of clean coal 2 feet 4 inches thick (101). The dip 
is northwest at this point. 

Pine Mountain. — On the eastern flank of Pine Mountain and down 
to Pound River there are no important coal beds, for the reason that 
the greater part of the slope is composed of the Lee conglomerate. 
It IS said that coal has been found at a number of points but not in 
abundance. The only exposure seen by the writer is a 20-inch bed 
about 60 feet below the top of the Lee conglomerate a few yards 
above where the road crosses Skeet Rock Branch. The beds here dip 
southeast at an angle of 25°. 

EAST SroE OF SANDY RIDGE. 

There are three localities south of the area described in which 
active mining operations have been in progress for several years. 
These are Glamorgan, Toms Creek, and Dante. The coal mined at 
(rlamorgan by the Stone Gap Colliery Company has an average 
thickness of 4 feet 4 inches, with only 2 inches of partings (102). 
It is known locally as the Glamorgan bed and has not yet been cor- 
related with the coals on the north side of Sandy Ridge. 

The Upper Banner coal is said to average over 8 feet thick in some 
of the mines on Toms Creek (103), but carries from 6 to 18 inches 
of fire clay and coal streaks a little below the middle. At Dante 
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(104) it is fairly free from partings and averages about 5 feet. The 
Lower Banner coal at Dante (105, 105 a, 105 b) has a thickness of 
about ^ feet and varies considerably in short distances. In mine 
No. 1 at Dante the Widow Kennedy coal has an average thickness of 
7 feet and in mine No. 4 on the opposite side of the creek scarcely 4 
feet. It varies from 16 inches to 12 feet in thickness in mine No. 1. 
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Fig. 25. — Coals on east side of Sandy Ridge. 

Anything over 3 feet of clean coal is considered worth mining (100, 
106 a). The coals at Dante have been described by the writer in a 
previous report." 

ANALYSES OF COALS. ' 

The following 23 coal analyses are taken from private reports made 
by mining engineers and others to their clients and kindly furnished 
to the writer. They show the chemical character of the principal 
coals in the basin of Kussell Fork in Virginia. The method of 
sampling is not stated. It is presumed that much of the moisture 
was lost by exposure to the air previous to analyzing. 

• stone, R. W., Coal Mining at Dante, Va. : Bull. U. S. Geol. Survey No. 316, 1907, 
pp. 68-75. 
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Analyses of bituminous coals in Dickenson County, Va, 



Opening. 


Location. 


l>^ame of coal. 
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> 




i3 
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I 
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GO 

0.718 
.849 

.77 
711 


1 
1 
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Baamgardner 


Georges Fork 

Hon.eycamp 

Branch. 
do 

Olintwood 

do 

do 

do... 

do 

do 

do 

-—.do 

McOlure Creek.... 
do 

Frylngpan Greek.. 

Dante 

Indian Creek. 

Duty 

do 

Bucu 


Olintwood 

IlllldoZIIIIIIHI 
do 

do.. 

IlllldoIIIIIIIIII 

do 

do 

do 

Upper Banner.. 

"IlldoIIIIIIIIII 
Lower Banner.. 

TiUer 

do 

do- 

Wid.Kennedy(?) 

do. (?) 

do. (?) 

do— 

do.. 


•2.44 
•.62 

(») 
•.60 


88,26 
83.63 

83.96 
8S.A0 


58.682 
60.951 

62.02 
62.9»> 


4.90 
S.95 

4.02 
2.86 


0.007 1-M 


Beverley 

Do... 

John Lane 


.01 

"oS 

.005 
.016 

Toie 

.009 
.023 
.016 
.005 


1.81 

l.SS 
1.85 


CO. Kilgore. 

Glenn 

Keel 

Keel, upper bench 

Do 

Keel, lower bench 

Do 

Vierg 1 


•.65 32.11 ,60.721 
1.12 29.80 ,65.156 
».70 33.60 ,60.90 
•.63 32.44 61.662 
<^.78 30.02 64.104 
•.46 ;33.12 60.752 
n.SO 28.76 61.464 
•.438 29.862 63.855 


6.01 .609 
3.20 .708 

4.80! 

4.68 .738 
4.37 .707 
4.78 .888 
6.62 1.85 
5.44 .fla'i 


1.89 
2.19 
1.81 
1.90 
2.14 
1.83 
2.14 
2.12 


SIkes 

Harden Branch 


1.06 33.99 60.70 i 4.26 
*1.56 28.62 61.35 ! 8.47 
.95 37.61 55.62 5.82 
<.90 27.83 67.74 1 4.03 
•.304 25.436 64.694 8.88 
•.404 26.806 69.522' 3.29 
'.95 23.36 61.43 14.26 


.82 


1.79 
2.14 


Dawson mine 


.82 




1.48 


Caney Fork 




2.48 
2.54 
2.64 
2.63 


Bamett, upperbench.. 
Barnett. lower bench- 
Taylor Sutherland 


.786 

.478 


.021 
.023 


Do 

Sutherland. 

Dawson mine 


do 

do. 

Dante- — .. 

do 


•.428 23.022 63.73512.15 .085 .013 2.77 

«. 37822.292 61.601 il5.-21 .5191 ,083; 2.76 

.90 38.46 56.26 4.381.12 ' 1 1.46 


Do 


.85 


35.25 


58.14 


5.761.13 

1 




1.65 



•Analyst, A. S. McOreath; sampled by James T. Gardiner. 

* Analysts, Wuth and Stafford. 

c Analyst. Otto Wuth; sampled by E. H. Stebunan. 

' Analyst, C. C. Tutwiler; sampled by Jansen Haines. 

% 

The above table contains analyses of three samples taken at Bucu 
which are supposed to be from the Widow Kennedy bed. The hori- 
zon of the bed at Bucu suggests this correlation, and the high per- 
centage of ash in the analyses indicates that the bed at that place 
has suffered disturbance and is not an attractive mining proposition. 
Three analyses are included from the Dawson mines at Dante. Daw- 
son is the former name of the mines now operated by the Clinchfield 
Coal Corporation, and these analyses are probably made of samples 
taken from the same openings as those furnishing the coals whose 
analyses are given in the second table below. Dante is just over the 
county line on the south side of Sandy Ridge, and these analyses 
should represent the character of the becis in the adjoining portion of 
Dickenson County. 

An average of these 23 analyses gives a composite of the several 
minable coals in Dickenson County, showing 29 per cent volatile 
matter, 62 per cent fixed carbon, less than 1 per cent moisture, be- 
tween 4 and 6 per cent ash, 0.831 per cent sulphur, and 0.015 per cent 
phosphorus. This average composition of the several beds of good 
coal is equivalent to that of the Pittsburg coking coal. 

The averages of 11 analyses of Clintwood, 3 of Tiller, and 4 of 
Upper Banner coal are as follows: 
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Average analyses of three coals. 






Constituent. 


Cllntwood. 


Tiller. 


Upper 
Banner. 


Moisture.. 1 


0.92 

32.20 

61.70 

4.55 

.856 

.012 


0.536 
26.36 
67.28 
5.40 
.632 
.022 


1.08 


Volatile matter _ _. 


31.82 


Fixed carbon . . _ _ 


61.02 


Aflh _ 


6.40 


Sulphur ... 


.708 


Phosphorus 










Fuel ratio 


1.91 


2.55 


1.95 







The following table shows the results of analyses 
United States Geological Survey's fuel-testing plant 
from samples taken during the prosecution of this work, 
wood coal was sampled by C. W. Dodge and the other 
writer. Each sample was cut in the mine from a clean 
including all binders or partings under one-fourth inch 
It was crushed, quartered, and sealed air-tight in a can 
By this method the moisture is retained until the sample 
analysis. 

Analyses of Virginia coals. 



made at the 
at St. Louis 
. The Clint- 
three by the 
face of coal, 
in thickness, 
in the mine, 
is opened for 



[F. M. Stanton 
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Name and location of coal bed. 




Cllntwood, 
Cllntwood. 

8827 


Upper 
Banner. 
Dante. 

3942 

2.30 
82.40 
57.92 

7.32 
.66 


Lower 
Banner, 
Dante. 


Widow 

Kennedy. 

Dante. 


T.<Al>oratory number . . 


4057 


£947 






Sample as received: 

Moisture 


2.21 
80.13 
63.68 

3.06 
.87 


2.79 
82.11 
59.30 

5.80 
.Si 


1.90 


Volatile matter. 


81.54 


Fixed cart>on . 


60.87 


Aflh -_ 

Sulphur...... 


5.09 
1.47 






- , ,^ . (O&lorles 






6.560 


Calorific value }b. t. ik.V 






1.80 


11.824 


TA>8fl of moisture on air drvlnsr . . 


1.20 


1.30 

1.07 
32.83 
58.68 

7.42 
.67 


.80 






Air-dried sample: 

Moisture 


1.02 
80.60 
04.45 

4.03 
.89 


1.01 
32.70 
60.39 

5.90 
.85 


1.11 


Volatile matter 


31.79 


Fixed carbon 


61.86 


Ash _ 

Sulphur 


5.74 
1.48 


Fud ratio 


2.11 


1.79 


1.85 


1.93 







The sample of the Clintwood coal was taken at the Chase & Dam- 
ron mine near Clintwood and represents 4 feet 4 inches of a 6-foot 
3-inch bed. It was cut at the face of the main entry, 100 feet from the 
outcrop. The sample of Upper Banner coal was taken in mine No. 3 
of the Clinchfield Coal Corporation at Dante. It was cut from a 
clean face in butt entry No. 6 off the main gangway, where the bed is 
6 feet thick. In mine No. 2 at Dante, at a point where the Lower 
Banner bed is nearly 4 feet thick, room 4 off the left entry, a sample 
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was taken of the 3 feet 3 inches of coal which is mined. The Widow 
Kennedy bed was sampled in mine No. 4, in the second cross heading, 
300 yards from the entrance. A point was chosen where the coal is 
in its best condition and 3 feet 9 inches thick. It was solid and clean, 
rather than rolled, mashed, and dirty, as at many points in this mine. 
The above analyses show that these coals are high-grade bitu- 
minous, comparatively low in ash, and have only a small percentage 
of sulphur. 

. In the following table are given average analyses of some well- 
known eastern bituminous coals, including the Elkhorn coals of the 
adjacent field in Kentucky and the averages of three of the best coals 
in Dickenson County. 

Average analysen of eastern bituminous coals and of Russell Fork basin eoah. 



Pocahontas (average of 38) « _ 

New River (Qulnnetnout) (average of 
17) » 

Tiller (average of 3) 

Pittsburg (Oonnclisville) coking (av- 
erage of M)*" - 

Upper Banner (average of 4) 

OUntwood (average of 11) 

Lower Elkhorn (average of 22) ** 

Upi)er Elkhorn (average of 10) ** 

Clinch Valley gas coal * _ 

Westmoreland gas coal '_„ 

Pennsylvania gas coal * 



Moisture. 


Volatile 
matter. 


Fixed 
carbon. 


.Ash. 


Sulphur. 
0.62 


Pud 
ratio. 


0.73 


17.43 


77.71 


4.63 


4.4« 


.60 


19.93 


75.20 


4.27 


.67 


.•^.77 


..'i36 


26.36 


67.28 


5.40 


.855 


2.55 


1.130 


29.812 


60.420 


7.949 


.689 


2.08 


1.03 


.^1.32 


61.02 


6.40 


.798 


l.« 


.92 


32.20 


61.70 


4.55 


.»i5 1 


1.91 


1 .42r> 


32.ia5 


r.8.43.'> 


7.459 


.57i ' 


l.8i 


l.ii38 


34.98.'> 


58.367 


4.490 


.587 


1.67 


1.180 


37.398 


56.782 


5.602 


.619 


1.52 


1.427 


37.r.21 


.')4.921 


5.418 


.ns 


1.46 


1.280 


38.105 


54.883 


5.440 


.792 


1.43 



« White, I. C. Geol. Survey West Virginia, vol. 2. pp. 695, 696, 700. 

»lbld, p. 670. 

' n. C. Frick Coke Company. 

d Manufacturers' Record, vol. 45, No. 23, 1904. Supplement. 

• McCreath and d'lnvllllere, Mineral resources of upper Cumberland Valley. 1888, p. 145. 

The sequence in this table is in accordance with the fuel ratio and 
shows the superiority of the coals in this field. 



COKE. 

The coals of this field duplicate in physical properties and chemical 
composition the coals on Toms Creek, Wise County, which make good 
coke, and it is believed that most of them will be found' to be good 
coking coals. 

Car samples of the Clintwood coal, taken from the Beverley 
opening on Honeycamp Branch and shipped to Chattanooga and 
Connellsville, made coke of the following character: 

Analyses of Dickenson County coke. 





Volatile 
matter. 

0.45 
.081 


Fixed 
carbon. 


Ash. 


Sulphur. 

0.775 
.736 
.75 
.76 
.69 
.841 


Phos- 
phorus. 

0.047 
.C35 


Analysts. 


72-hour -. 


90.153 

91.224 

90.91 

92.03 

92.80 

92.76 


8.575 

7.695 

8.34 

7.22 

0.30 

4.373 


Wuth and Stafford. 


48-hour 


Do. 


72-hour - . . 


Shomberrer Steel Co. 




f 




Do. 


48-hour 


{ 1.50 
1 1.03 


:m 

.026 


Do. 




P. D. Langdon. 
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SUMMARY. 121 

To compare these results with analyses of Pocahontas and Con- 
nellsville cokes reference should be made to page 120 of this bulletin. 

CORRELATION. 

In view of the accuracy of the correlation work being carried on in 
the Appalachian coal field by David White, of the United States Geo- 
logical Survey, by means of paleobotanic and stratigraphic evidence, 
the writer is not justified in attempting, on purely stratigraphic evi- 
dence, to correlate the coals of Dickenson County with those of the 
Elkhorn field on the other side of the Pine Mountain fault in Ken- 
tucky. It may be remarked, however, that the species of fossil plants 
from the Lower Elkhorn coal on Marrowbone Creek in the Elkhorn 
field bear a close resemblance to the plants from the Banner group of 
coals at Dorchester, near Norton, Va. 

SUMMARY. 

From the foregoing descriptions it will be seen that the area dis- 
cussed contains a considerable amount of high-grade bituminous coal 
which is not yet being mined. On Indian Creek, at the head of Rus- 
sell Fork, the Tiller coal bed has a thickness of 8 feet or more over 
an area sufficiently large to be worthy of consideration. Between 
Clintwood and Pound the Clintwood coal has been prospected at a 
number of points and found to be 8 to 10 feet thick. Throughout the 
McClure Creek basin the Upper Banner bed can be depended on to 
maintain an average thickness of 4 feet. Besides these there are other 
coal beds of minor thickness and unknown extent which will ulti- 
mately be of some value. 

The coal in some and possibly in all of the beds of workable thick- 
ness will make excellent coke. Until railroads are built into this 
region, which is difficult of access on account of mountain barriers, 
the field will constitute a notable reserve of Virginia's coal resources. 
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ECONOMIC GEOLOGY OF THE KENOVA QUADRANGLE, 
KENTUCKY, OHIO, AND WEST VIRGINIA. 



By William Clifton Phalen. 



rNTRODITCTION. 

Importance of the area. — ^The Kenova quadrangle is of interest on 
account of its valuable deposits of coal and fire clay. Of less value 
are its iron ores, limestones, and building stones. It forms part of a 
much larger area in which during the last three or four decades there 
has been much activity in the mining of coal and in the mining and 
smelting of iron ores. The latter industry has been discontinued, but 
coal is still being mined. The clay industry in this region is small at 
present, but should have an important future on account of the amount 
of available raw material. (See PL I, in pocket.) 

Location and area. — The Kenova quadrangle includes parts of 
Kentucky, Ohio, and West Virginia, the name Kenova being coined 
by combining abbreviations of these State names. Its exact position 
is shown on the accompanying key map (PL II). Far the greater 
part of its 938 square miles is within Kentucky, including the whole 
of Boyd County, the larger part of Lawrence, and parts of Carter, 
Greenup, and Elliott counties, Ky. A small part of Wayne County, 
W. Va., and the south end of Lawrence County, Ohio, make up the 
remainder. The quadrangle takes its name from a small town, 
Kenova, lying at the confluence of Big Sandy and Ohio rivers. 

The portions of Kentucky and Ohio in this locality are sometimes 
known as the " Hanging Rock " region, from an outcrop of massive 
sandstone at Hanging Rock on Ohio River, a few miles below the 
city of Ashland. 

From a geographic as well as a physiographic point of view, this 
area is a part of the western Appalachian Plateau province. It lies 
along the western edge and just north of the center of the great coal 
field comprised within this province, which extends from north- 
central Alabama to the southern boundary of New York. 

Previous "field work, — This area was studied by the geologists of 
the Kentucky Geological Survey during the latter half of the past 
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10 ECONOMIC GEOLOGY OF KENOVA QUADBANGLE. 

century. Most of the work on the coals and general geology in this 
particular area was done by Prof. A. R. Crandall. Mr. P. N. Moore 
examined more particularly the geology, distribution, and technology 
of the iron ores. Dr. I. C. White, director of the West Virginia 
Geological Survey, has measured sections in that part of the quad- 
rangle which lies in Wayne County, W. Va., and the State Survey 
of Ohio has worked on the Ohio portion. 

In addition to the work of these men special areas have been ex- 
amined for private parties by geologists and mining engineers. 

Literature. — ^The publications containing the most information 
on this area are the following: 

Crandall, A. R., and Moore, P. N., Report on the eastern coal field: Geol. 
Survey Kentucky, vol. C, 1884, 77 pp. 

The chapter on coals in this publication is also contained in Geol. Surrey 
Kentucky, vol. 2, pt 1, new ser., 1877, pp. 1-77; the discussion relating to 
the iron ores of Greenup, Boyd, and Carter counties, or the Kentucky division 
of the Hanging Rock iron district, is found in the same report, pt 3, vol. 1, 
1876, pp. 59-136. 

Shaler, N. S., and Crandall, A. R., Report on the timber growth of Greenup, 
Carter, Boyd, and Lawrence counties: Kentucky Geol. Survey, new ser., vol 
1, pt 1, 1876, pp. 1-58. 

Survey of Big Sandy River, West Virginia and Kentucky, including Levlsa 
and Tug Forks; House Doc. No. 326, 56th Cong., Ist sess., 1900, 62 pp. 

Hoeing, J. B., Oil and gas : Kentucky Geol. Survey, Bull. No. 1, 1905, 233 pp. 

White, I. C, Coal report : West Virginia Geol. Survey, vol. 2, 1903, 725 pp. 

Stevenson, J. J., Lower Carboniferous of the Appalachian Basin : Bull. Geol. 
Soc. America, vol. 14, 1903, pp. 36 et seq., 80 et seq. 

Stevenson, J. J., Carboniferous of the Appalachian Basin: Bull. Geol. Soc 
America, vol. 15, 1904, pp. 92-114. 

Ohio Geol. Survey, vol, 3, p. 1 ; vols. 5 and 7. 

The reader will also get much information from the four vol- 
umes of reports of the first Kentucky Geological Survey, made by 
Dr. David Dale Owen in the years 1854 to 1860, inclusive. These 
early reports are somewhat discursive, and the information can most 
easily be found by reference to the indexes under the names of the 
various counties. 

Present -field work. — ^The field work on which this paper is based 
was done by W. C. Phalen in 1905, from the last of May to the first 
of November. George H. Ashloy spent about two months in the 
field, visiting with the writer most of the critical areas and doing 
some independent mapping. David White also visited the field and 
spent somewhat less time making numerous careful and complete 
collections, which have furnished in part the basis for the separa- 
tion of the formations chosen in geologic mapping. Numerous ref- 
erences to the work of Doctors Ashley and White will be found 
scattered through the text, and an expression of thanks is herewith 
extended to these geologists for courtesies both in the office and in 
the field. Cn^r^nAo 
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BELIEF AND DBAINAGE. 11 

TOPOGRAPHY. 

Relief. — ^The part of the Appalachian Plateau included in this 
region has been greatly dissected, until there is now scarcely any level 
land within the quadrangle, except the flood plains of the larger 
streams, like Ohio, Big Sandy, and Little Sandy rivers. This 
extensive erosion has resulted in sharp ridges, in many cases barely 
wide enough for wagon roads, and rather narrow valleys with small 
flood plains reaching well up to their heads. From the tops of the 
highest hills the remnants of the Appalachian Plateau may still be 
recognized in the even sky line (PI. Ill, ^l). In a general way this 
ancient surface, or rather what remains of it, is highest at the south 
edge of the area, where the highest knobs reach an elevation of 1,200 
feet It slopes gradually northwest, and in the divide between the 
waters of Tygarts Creek and Little Sandy River only a few of the 
knobs rise above 1,000 feet. The lowest points in the area are those 
farthest downstream on Ohio and Little Sandy rivers and on Tygarts 
Creek. The flood plain of the Ohio ranges from about 530 feet above 
sea level where it leaves the quadrangle to about 560 feet where it 
enters it from the east. The flood plain of Big Sandy has an eleva- 
tion of about 597 feet at the south edge of the quadrangle and 550 
feet at the mouth of the stream, showing a gradient of about 1.1 feet 
per mile. This is slightly less than the gradient of Little Sandy. On 
Big Sandy the flood plain, though it may in places reach a mile in 
width, averages between one-half and three-quarters of a mile. The 
plain of Little Sandy from Grayson to Argillite has a greater average 
width, but in the upper portion of the river flood plains are wanting, 
the stream flowing through a gorge formed in the Sharon conglom- 
erate. 

The badly dissected character of the region has an important bear- 
ing on the exploitation of the natural resources. The railroads were 
confined during the early part of their history to the main river 
valleys and had to leave untouched for some time the more remote 
workable coal and clay beds; on the other hand, the flood plains, 
which are almost everywhere developed along the streams, are favor- 
able to the construction of spur tracks that will materially lessen the 
haulage from mine breast to tipple. 

Points of equal elevation are represented on the map by contour 
lines in buff, which are really the intersections of hypothetical plains 
with the surface of the country. These contour lines are placed 100 
feet apart and, when carefully studied, enable the mind to grasp 
fairly well the general " lay of the land." 

Drainage, — The drainage of this quadrangle is either directly or 
indirectly into Ohio River, which crosses its northeastern corner. 
The chief tributaries of Ohio River are Big and Little Sandy rivers 

Digitized by LjOOQIC 



12 ECONOMIC GEOLOGY OF KENOVA QUADRANGLE. 

and Twelvepole and Tygarts creeks, the last named flowing across 
the, extreme northwestern corner. Twelvepole Creek, entering from 
tho> Huntington quadrangle on the east, flows about 10 miles in a 
circuitous course in West Virginia and empties into Ohio River at 
Kellogg. Practically all the smaller streams flow into Big and Little 
Sandy rivers. Of these streams Big Blaine, a tributary of Big 
Sandy with an estimated length of about 70 miles almost wholly in- 
cluded within this quadrangle, and East Fork of Little Sandy are 
the most important. The Big Sandy, which in conjunction with 
Ohio River is the main drainage course of the area, is formed by the 
confluence at Louisa of Levisa and Tug forks. After flowing north- 
ward for 27 miles, it empties into Ohio River at Catlettsburg. Levisa 
Fork is often called Big Sandy. 

CUIjTURE. 

Roads and farming, — Though from the farmer's point of view this 
area is rough, it is completely intersected by fairly good country roads, 
the construction of which is facilitated by the fairly soft character 
of the rocks. The roads of Boyd County are notably well kept. 

Notwithstanding the comparatively rugged character of the coun- 
try, it is under general cultivation. The flood plains of the streams, 
which are subject to periodical overflow, are on this account very 
fertile. Along the valleys of the larger streams some wheat is grown, 
but corn is the principal crop. In Carter County many of the hill- 
sides are given to the cultivation of tobacco. These crops, with the 
usual garden truck, constitute the principal products of the soil. 
The timber resources of this area are of little or no importance. 
Most of the big timber was removed during the days of the old 
charcoal iron furnaces, which flourished during the seventies and 
early eighties. 

Railroads. — Most of the railroads are confined to the larger stream 
valleys. The main line of the Chesapeake and Ohio Railway enters 
the area from Huntington, W. Va., and crosses Big Sandy River at 
Hampton, keeping along the south bank of Ohio River. The Big 
Sandy division of this line, formerly known as the Chatteroi Rail- 
road, follows the west bank of Big Sandy River. During the sum- 
mer of 1905 the old wooden railroad bridges were being replaced by 
substantial stone culverts, curves were being straightened, and gen- 
eral improvements were under way in preparation for an expected 
increase in the freight traffic from the Elkhom and other coal areas 
near the headwaters of Levisa Fork. The Louisville and Lexington 
division of this railroad crosses the area diagonally from northeast 
to southwest, leaving the main line at Ashland. The coal mined at 
Straight Creek, Grant, Rush, Princess, and Winslow is carried by 
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STRATIGRAPHY. 18 

this line or by the Ashland Coal and Iron Railway, which is that 
portion of it between Rush and Ashland. The Norfolk and Western 
Railway has recently built a line down the eastern bank of Big Sandy 
connecting with its Twelvepole division and crossing Ohio River at 
Kenova. The new line is so much superior to the old in grade and 
general character that much of the coal from the headwaters of Tug 
Fork is now hauled over the new division. The Baltimore and Ohio 
Railroad has a terminus at Kenova. The Eastern Kentucky Rail- 
way, a short line constructed several years ago, has its southern 
terminus at Webbville, Lawrence County, and its northern terminus 
at Riverton, Greenup County, where it joins the Chesapeake and 
Ohio Railway. It carries staves, ties, etc., from the Blaine country 
and coal from its mines at Partloe, Boghead, and Hunnewell, as well 
as clay from the mines at Willard. 

Locks and dams. — Big Sandy River has been under improvement 
by the United States Government since 1878. The plan of improve- 
ment adopted by Congress in March, 1899, contemplates carrying 
slack water as far as Pikeville on Levisa Fork, and to the mouth of 
Pond Creek on Tug Fork by the construction of 22 locks and dams. 
Within the limits of the Kenova quadrangle there have been built 
already three locks on Big Sandy below Louisa, one on Tug Fork at 
Saltpeter, and one on Levisa Fork at Chapman. By the aid of the 
dams the river will be navigable the whole year, instead of only 
about eight months, and the present commerce, chiefly in saw logs, 
cross-ties, staves, etc., will be largely augmented as a result of the 
cheaper water transportation. The development of the thinner coals 
within the Kenova area and in larger measure the thicker beds near 
the headwaters of the river will be aided. The navigable season of 
the smaller streams is so short that it will probably not aid materially 
in the development of the mineral wealth of this area. These streams 
are used chiefly in transporting logs and ties. 

GENERAi:4 OEOIiO<JY OF SURFACE ROCKS. 

STRATIGRAPHY. 
INTRODUCTORY STATEMENT. 

All the rocks appearing at the surface within the limits of this 
quadrangle, with but a single exception, are of sedimentary origin 
and were laid down in or by water. They consist of sandstones, 
shales, limestones, coal beds, and iron-ore deposits, and have a total 
thickness of between 1,100 and 1,200 feet. All of these sedimentary 
rocks belong to the Carboniferous system, except the imperfectly con- 
solidated gravels of the river terraces, which are of Pleistocene age, 
and the alluvium of the flood plains. The subdivision of the Car- 
boniferous in the northwest portion of the Appalachian coal field. 
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14 ECONOMIC GEOLOGY OF KENOVA QUADKANGLE. 

which was proposed by Henry D, Rogers in the reports of the First 
Geological Survey of Pennsylvania,** has been accepted and followed, 
at least in its main features, by all the geologists who have subse- 
quently worked in the territory to which this subdivision applies. 
The coal-bearing rocks have been followed from Pennsylvania into 
Ohio, and then southward in Ohio to Jackson County, and from this 
county into Scioto and Gallia counties, and through them into and 
across Lawrence County to Ohio River. Thus the stratigraphy of 
the " Coal Measures " of western Pennsylvania is brought into the 
northeastern comer of the Kenova quadrangle. The Carboniferous 
system, as developed in this quadrangle, consists of parts of the Penn- 
sylvania and Mississippian series. The former contains the workable 
coals of this area. The rocks will be described in descending order, 
beginning with the youngest. 

SEDIMENTARY ROCKS. 
QUATEBNABT SYSTEM. 

Recent deposits. — The alluvium of the streams of this area is the 
youngest bedded deposit and has considerable commercial importance. 
It makes up the flood plains of both the large and the small streams, 
extending well up to their heads. The larger streams, like Ohio, Big 
Sandy and Little Sandy rivers, have deposits of this material fully 
50 feet thick. Along Ohio River the width of this flood-plain deposit 
ranges from three- fourths of a mile to a mile, but on Big Sandy and 
Little Sandy rivers these deposits are not quite so wide. The material 
is being constantly cut out and redeposited by variations in the 
currents at each period of high water. The mode of utilization of 
these flood-plain deposits will be indicated in connection with the 
description of the clays (p. 120). 

Pleistocene deposits. — None of this region lies within the glapial 
boundary, but there are deposits within the area which are con- 
sidered of Pleistocene age. Just back of the city of Ashland is a 
district known as the Flatwoods, where the hills are flat and do 
not rise to an altitude of over 700 feet. These flat lands are covered 
with deposits of sand, gravel, quartz, and chert bowlders, some of 
which are 12 inches in diameter. These represent residual material 
from the remains of older crystalline rocks of the Blue Ridge to the 
east. This deposit may be traced fairly distinctly up Big Sandy 
River to the south of Louisa, maintaining its general elevation of 
about 150 feet above the present flood plain of the stream. These 
gravel deposits may, and do in places, represent the valleys of streams 
which long ago ceased to flow through them. The proof of this 
statement lies in the rounded character of the bowlders and in 



• Vol. 2, pt. 1, 1868, p. 16 et seq. 
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certain topographic features usually associated with streams. Among 
the more conspicuous features of the remnants of these old, high-level 
valleys are their well-graded walls and the maturity indicated by 
their flat-bottomed floors. This floor in the Flatwoods area is nearly 
a mile wide. The old drainage channel represented by the Flatwoods 
is regarded by W. G. Tight <» as a continuation of the preglacial 
Teays River. 

Similar deposits have been found on the Little Sandy at elevations 
closely approximating those of the Big Sandy, and though the corre- 
lation of the two deposits has not been attempted, it is probable that 
the benches and their associated gravels on Little Sandy, when traced 
up Ohio River, will merge into those on Big Sandy. Silt associated 
with quartz pebbles has been discovered at lower elevations on Little 
Sandy, indicating a quiescent condition of the water with periods 
of deposition while these ancient streams were probably subsiding. 
Since these deposits, as developed in the Kenova quadrangle, have no 
economic significance, they will not be considered further. 

CARBONIFEROUS HT8TEH. 

PENNSYLVANIAN SERIES. 

Monongahela formation, — The Monongahela in Pennsylvania was 
first termed the " Upper Productive Measures," since it marks an 
epoch in which several workable beds of coal were deposited. The 
base of the formation is marked by the Pittsburg coal. In accordance 
with Dr. I. C. WTiite's correlation, the coal at the top of the hills east 
of Lett, near the mouth of Gragston Creek, West Virginia, is accepted 
for the time being as the Pittsburg coal and as marking the base of 
the Monongahela formation.^ The area underlain by the coal does 
not exceed a few acres, and the formation is represented by 100 feet 
of shales with a massive sandstone at its base. No important coals 
are found in it except the Pittsburg bed. 

Conemaugh formation, — The Conemaugh includes the rocks lying 
below the Pittsburg coal and above the Upper Freeport coal. What 
is regarded as the Upper Freeport coal with its overlying massive 
Mahoning sandstone is well exposed below Louisa in the vicinity of 
Zelda, and on Blaine Creek near Fallsburg. Above the sandstone 
which forms the roof of the Upper Freeport coal, and which varies 
in thickness from 20 to 30 or more feet, the rocks are in marked con- 
trast with the rocks below, both in character and in the number and 
importance of the coal beds.'' The massive sandstone is probably the 

• Prof. Paper U. S. Oeol. Surrey No. 13, 1903. For a very complete description of 
Teays River to the east of this area see M. R. Campbell, Description of Huntington 
quadrangle; Geologic Atlas U. S., folio 69, U. S. Oeol. Survey, 1900, pp. 2-3. 

» West Virginia Geol. Survey, vol. 2. 1903, pp. 191-192. See also pp. 16-17 of this 
balletln. 

« Kentucky Geol. Survey, vol. C, 1884, p. 60. 
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same as that which overlies the Waterloo, Bayleys Run, No. 7, or 
Upper Freeport coal of the Ohio geologists, and which makes such a 
striking appearance along the banks of Big Sandy River near its 
mouth. The coal at its base in Lawrence County, Ohio, is regarded 
by the geologists of that State as higher than the Hatcher or No. 8 
coal of the Kentucky reports." 

The position of the coal under consideration, which north of 
Louisa is immediately below a massive sandstone, the Mahoning of 
Owen, is strong evidence that it correspkmds more probably with the 
coal above the Hatcher bed. Crandall, however, in his report on the 
geology of Greenup, Carter, and Boyd counties, explicitly states that 
coal No. 8 of the Kentucky survey is the first coal below the Mahon- 
ing sandstone of Owen, and follows the statement with the words 
that this coal is commonly known as the Hatcher seam.^ In another 
place ^ he states that above the shales containing coals Nos. 7 and 8 
occurs a coarse ferruginous sandstone, the Mahoning of Owen and 
Lesquereux. In this sandstone and its overlying rocks are found 
coals Nos. 9, 10, 11, 12, etc. However, J. J. Stevenson, in his descrip- 
tion of the Allegheny formation in Kentucky,* interprets Crandall's 
generalized section of Greenup, Boyd, and Carter counties as placing 
coal bed No, 9 below the Mahoning sandstone. 

In view of the evidence outlined above, the coal which has been 
opened below the massive sandstone exposed near Zelda and Falls- 
burg is regarded as the Upper Freeport and as the first bed above the 
Hatcher coal or No. 8 of the Kentucky reports. Normally, therefore, 
it would be No. 9 of the Kentucky series, and instead of coming 
within the Mahoning sandstone would occur just below it, as in 
Pennsylvania. 

The minimum thickness of the Conemaugh formation is between 
300 and 400 feet. It is almost entirely exposed only in a small area 
near the center of the basin in the hills east of Lett, W. Va. This 
may be due to a possible local thinning of the formation, for at other 
points near the center of the basin, west of Big Sandy River, where 
the hills rise as high, nothing is apparently known of the existence 
of the Pittsburg coal. If the thickness of the Conemaugh formation, 
300 to 400 feet, obtained under the assumption that the coal in the 
hilltops near the mouth of Gragston Creek, West Virginia, is the 
Pittsburg bed, is compared with the thickness of that formation at 
Charleston and Huntington given by I. C. White, some question may 
be raised as to the correctness of the identification of the Pittsburg 
bed. White makes the Conemaugh 800 feet thick at Charleston and 

» See section by E. McMillan, Ohio Geol. Survey, toI. 5, 1884, p. 122. 

•Kentucky Geol. Survey, vol. C, 1884, p. 24. 

*■ Idem, pp. 9, 10. 

< Bull. Geol. Soc. America, vol. 17, 1906, p. 128. 
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660 feet at Huntington. However, the correctness of his identifica- 
tion of the Upper Freeport coal at Charleston has been questioned, 
both David White and J. J. Stevenson placing the Upper Freeport 
well above the black flint, thus reducing the thickness of the Cone- 
maugh formation to a little over 600 feet. G. H. Ashley has been 
inclined to reduce it to 530 feet or less. The section of the Cone- 
maugh formation obtained by the Ohio geologists in Lawrence 
County, Ohio, is only 420 feet thick, suggesting a westward thinning 
of the' formation, wiiich is in full accordance with the westward 
thinning known to take place in going from Pennsylvania across the 
panhandle of West Virginia into Ohio. If the coal in the Kenova 
quadrangle is the Pittsburg bed, the thickness of the Conemaugh is 
much less than it is to the northeast at Huntington and slightly less 
than the Ohio geologists make it. 

The rocks of the Conemaugh are mainly red or greenish shales, 
with beds of limestone and iron ore and in some localities important 
beds of sandstone. The fact that it contains no workable beds of 
coal, together with the sharply defined character of its rocks as con- 
trasted with those of the, formations above and below, serve in part 
as a basis for making it a separate formation. The membei's of the 
formation in this area are generally irregular in their development, 
and are on this account poor guides in unraveling the stratigraphy. 
The basal member, however, which is the Mahoning sandstone, is very 
persistent and hence a valuable guide in tracing this formation. 
(See PL III, B.) Above this sandstone at variable intervals occurs 
a rather persistent limestone, one of the Cambridge limestones, which 
is usually capped by a cliff-making sandstone. These two massive 
sandstone members occurring near the base of the Conemaugh serve 
to clearly demark it in most localities from the underlying rocks, the 
more so because the succeeding higher rocks ai*e usually red shale. 
In some parts of the quadrangle, notably near the mouth of Big 
Sandy River, the basal sandstone is unusually thick and massive, at- 
taining near Kenova a thickness of 70 feet, and is continuous, with 
but a few irregular intercalations of shale, east to Ceredo, south of 
which it becomes even more massive and attains a thickness of 100 
feet. Above this sandstone there is usually a small coal, which may 
be the Brush Creek coal of Pennsylvania. This is an unimportaift 
bed, though it has been worked in the hills opposite Louisa. It will 
probably not be of any great commercial importance in the near 
future. The Cambridge limestone overlying the Brush Creek coal is 
a very persistent member and is a most valuable guide in tracing the 
rocks of the Conemaugh. In many places it consists of two members, 
an upper and a lower, as shown by the section obtained near the bed 
of Whites Creek, about 1 mile west of Potomac (p. 131). 
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18 ECONOMIC GEOLOGY OF KENOVA QUADRANGLE. 

In the western part of the quadrangle, near Willard, this limestone 
usually occurs as a single layer. At Willard it is found near the hill- 
tops 180 feet above coal No. 7, but the interval above this coal is in 
some places slightly less than that. This limestone has a very char- 
acteristic appearance, and, owing to the fact that it is highly siliceous, 
it withstands weathering, and can usually be found at its proper hori- 
zon. Almost directly above it occurs a small bed of coal, locally work- 
able. Overlying this coal at a varying interval is a massive sandstone. 
The distance between the base of this sandstone and the limestone 
ranges from 10 to 40 feet, but averages about 35 feet. This sand- 
stone is rarely more than 25 to 30 feet thick, but is usually massive 
and coarse grained, and makes prominent outcrops. Capping this 
sandstone is a mass of red shale, near the base of which occurs a small 
bed of coal. The remainder of the Conemaugh is prevailingly red, 
and for the most part the rocks are shales or shaly sandstones with a 
few bands of massive sandstone. (See PL III, B.) The formation 
contaiYis practically no workable coal. 

Allegheny formation. — ^The Allegheny formation underlies the 
Conemaugh and is about 180 feet thick in the northern part of the 
quadrangle, but in places it varies considerably from this thickness, as 
in the southern part of the area, where the thickening of the Home- 
wood sandstone seems to have interfered with the normal develop- 
ment of the Allegheny. The top of this formation is the top of the 
Zelda coal, which is believed to correspond to the first bed above the 
true Hatcher coal of Ohio, and hence to be the Upper Freeport coal 
of Ohio and normally No. 9 of the Kentucky series. The base of the 
formation is demarked from the underlying rocks both on paleonto- 
logic and lithologic grounds. It is the base of coal No. 5 of the Ken- 
tucky series, which according to Stevenson « corresponds to the Brook- 
ville coal of Pennsylvania. This coal lies practically at the top of a 
massive sandstone in the Kenova quadrangle, which is regarded as the 
equivalent of the Homewood sandstone at the top of the next lower 
(Pottsville) formation. In the western part of the quadrangle, 
though all the more constant members of the Allegheny are present 
the formation seems to be thinner than in the region around Ohio 
River and to show considerable variation. On one side of the hill 
west of Willard it is about 130 feet thick, but on the other side it is 
less than 100 feet. It should be noted that in this district the Home- 
wood sandstone thickens to 100 feet, and in general it may be said that 
throughout the area the Allegheny formation tends to become thin as 
the underlying Homewood sandstone thickens. This formation was 
known in Pennsylvania as the " Lower Productive Measures," from 
the fact that it is the lower of the two groups of rocks containing valu- 
able coals. It also contains a valuable clay deposit in this part of 

•Bun. Geo!. Soc. America, vol. 17, 1906, p. 128. 
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Kentucky. In addition it contains beds of sandstone, shale, iron ore, 
and limestone. Unlike the formation on which it rests, it is, as a rule, 
not decidedly sandy, and the character of its fossil plants is so dis- 
tinct from that of the plants in the Pottsville as to warrant its sepa- 
ration as an independent formation. 

The number of coals present in the Allegheny formation is usually 
not more than six, and in many places not more than four. The low- 
est coal. No. 5 of the Kentucky Survey, lies directly on the Homewood 
sandstone. It is locally of workable thickness. 

An important member in this formation has been called the " Fer- 
riferous " limestone by Andrews in the reports of the Ohio Geological 
Survey, and the " Hanging Rock " limestone by Orton.** It is the 
equivalent of the Vanport (" Ferriferous ") limestone of western 
Pennsylvania, and that name will be used in this report. 

Its relationships in the Kenova quadrangle may easily be made out 
at Coalgrove, opposite Ashland. (See section on pages 30-31.) 

It usually lies from 10 to 20 feet above the top of the Homewood 
sandstone, and is found at its top in many places where coal No. 5 
is absent. It is generally associated with an important clay bed, and 
on this account has an economic interest. This clay ranges in thick- 
ness from 4 to 6 feet. The next higher economic member in this 
formation is the No. 6 coal of the Kentucky section, known in the 
region about Ashland as the " Limestone coal " and in Ohio as the 
" Newcastle coal." It is commonly found 20 feet above the Vanport 
(" Hanging Rock ") limestone. 

The next higher coal is the Coalton, or the No. 7 of the Kentucky 
Geological Survey, or the No. 6 or Sheridan coal of Ohio. This is the 
celebrated Nelsonville coal of the Hocking Valley. It is the most im- 
portant bed in this area at present and is found from 25 to 45 feet 
above coal No. 6 and from 40 to 50 feet below coal No. 8, the next 
higher bed in the formation. This coal No. 8 is workable in parts of 
the quadrangle, but is as yet comparatively unimportant. From 40 
to 60 feet higher in the scale is coal No. 9, which, like the coal below 
it, is generally a thin bed and only locally workable. 

Besides the coals and fire clays of economic importance in this 
formation, various beds of iron ore occur. These formerly had con- 
siderable importance, but at present have little or no value, as the 
cheaper ores of Lake Superior and Alabama have entirely replaced 
them in the market. The general sections (PI. IV and fig. 20) show 
the beds of economic interest and the intervals between them. 

Pottsville formation. — ^The Pottsville formation is the lowest in 
the Pennsylvanian series. Its base is the top of the Mississippian 
series, on which it rests unconformably, and it comprises all the rocks 

• Ohio Geol. Survey, vol. 3, pt. 1, 1878, pp. 885 et aeq,, 892 et B«q. 
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to the top of the Homewood sandstone. This formation is separated 
from that lying below and from that above on both lithologic and 
fossil evidence. The entire formation is exposed in the northwestern 
part of the quadrangle, where it has a thickness of between 360 and 
400 feet. In the southeastern part of the area it has a thickness of 
at least 600 feet, and along the southern edge it must be fully as 
thick. General sections showing the character of the rocks of this 
formation, as exposed at different points of the area, are given in 
PI. IV. The rocks of this formation are decidedly sandy, but con- 
tain occasional beds of shale, iron ore, limestone, and coal. Owing 
to its thickening in the southeastern part of the area and the intro- 
duction of coal beds not represented in. the section in the western 
part of the field, the lowest coals in the area are believed to appear 
in the section along Levisa Fork near Gallup. There are three or 
four of these beds, and the thickest of them is not over 2 feet at any 
point. The higher coals in this formation are all locally workable 
and have been numbered by Prof. A. R. Crandall (PL IV). There 
are usually four fairly thick coal beds in this formation, but at some 
points this number may be increased to five and even six. Detailed 
descriptions of these coals, together with the intervals which separate 
them, are given under the headings of the various districts. 

The Pottsville formation also contains some very valuable beds of 
fire clay. Most noteworthy of all is the bed occurring only a few 
feet above the top of the Maxville limestone. This is the celebrated 
Sciotoville fire clay of Ohio. Though it outcrops over a very small 
area in this particular quadrangle, it has considerable economic im- 
portance to the west, and it is being mined at present on a large 
scale in the vicinity of Olive Hill. Other beds of fire clay in this 
formation are locally workable, notably the bed associated with coal 
No. 4, which has been worked in the eastern part of Ashland and 
on Catletts Creek. Nearly one-half of the entire surface of this 
quadrangle is covered by rocks belonging to the Pottsville. 

MISSISSIPPI AN SERIES. 

The Mississippian series is represented by a massive limestone, 
called in the Kentucky reports " Sub-Carboniferous limestone,'' and 
in those of Ohio the Maxville limestone. About 100 feet of the 
Waverly group is also present. The outcrops of the limestone are 
confined to the western part of the area and are limited in extent. 
West of Tygarts Creek, in Greenup County, this rock is present in 
the hills. Here it does not exceed a thickness of 25 feet, being under- 
lain by 100 feet of sandstone and shale belonging to the Waverly. 
A small outcrop of limestone is found at the bend in Everman Creek. 
Carter County, just above the mouth of Wolfpen Branch, and again 
farther up the creek, just at the edge of the -quadrangle. The lime- 
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stone in this part of the field does not exceed 15 or 20 feet in thick- 
ness. It is usually overlain by a thin band of iron ore. This lime- 
stone is encountered in all the deeper borings for oil, in both the 
eastern and western parts of the quadrangle, and reaches in places a 
thickness of several hundred feet. The total thickness of the Mis- 
sissippian rocks outcropping in the western part of the area does not 
exceed 150 feet. 

IGNEOUS ROCKS. 

Occui'rence. — Igneous rocks in this quadrangle were noted by 
Professor Crandall many years ago. They are found in the hills on 
each side of Ison Creek west of Stephens, Elliott County, and about 
8 miles southwest of Willard. The region was visited by J. S. 
Diller, of the United States Geological Survey, in 1884, and as a 
result of this trip a very detailed account of the occurrence and 
petrography of these rocks was published.*' The rock is peridotite, 
and owing to this fact is of more than usual interest, first, because it 
bears a resemblance to the peridotite of South Africa, the mother 
rock of the diamond, in the Kimberley district; and second, owing to 
the relative scarcity of this type of igneous rock and to a possible 
relationship to the mica peridotite of western Kentucky.^ In an- 
other publication Mr. Diller has applied the name of kimberlite to 
this rock from its resemblance to the South African rock.*^ 

Extent. — The area covered by the rock is very small, not more than 
a few acres. The outcrops of the solid ledge are not numerous, but 
their original extent is not difficult to trace, owing to the character- 
istic minerals resulting from weathering. There is no apparent rea- 
son why the various isolated masses should not be considered parts 
of a single intrusion, as all appear identical in mineral composition. 

Character of rock. — The groundmass of this rock is compact, gray- 
ish black in color, and porphyritic. It is plentifully specked with 
phenocrysts of olivine, which appear to be very fresh and unaltered 
and give a grayish tinge to the rock. Garnet (pyrope) and titanic 
iron ore (ilmenite) are also easily detected and in the field were found 
to be of great assistance in tracing the boundaries of the decayed 
ledges. Sections of biotite are not uncommon. Besides these con- 
stituents, which are readily detected in the hand specimens, the chief 
remaining minerala are enstatite and a small amount of apatite. In 
places the olivine has been altered to serpentine, which may be 
readily seen in hand specimens, and which in thin section is asso- 
ciated with magnetite and some carbonate, presumably dolomite re- 
sulting from the alteration of the olivine. This rock has been so 
thoroughly described by Diller, and its peculiar characteristics are 



• Bull. U. S. Geol. Survey No. 38, 1887. 

^WiUiams, G. H.. Am. Jour. Scl.. 3d ser., vol. 34, Aug., 1887. p. 137. 

« Bull. U. 8. Qeol. Survey No. 150, 1898. pp. 290-294. 
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SO well pointed out in his publication, that it will not be further con- 
sidered here. 

Age and relationships, — ^The sedimentary rocks through which the 
igneous rock has forced its way are traceable practically up to the 
contact and strangely enough do not appear to have been even flexed 
upward along this zone. Though the igneous rock has broken off 
masses of shale, which are now found embedded in it, this is surpris- 
ingly fresh and unaltered, like the ordinary black shale of the Penn- 
sylvanian series. Only in a few cases are metamorphic effects 
markedly visible. In some of the baked shale secondary mica was 
seen in considerable quantity. The color of the shale had been some- 
what reddened and the sandstone and limestone fragments, which 
were inclosed by the igneous rock, had been baked and the latter con- 
verted to quicklime. 

The sedimentary rocks in which the bulk of the igneous rock is 
found belong to the Pottsville formation, but as some of the igneous 
rock is found in the Allegheny, the intrusion is Allegheny or post- 
Allegheny in age. It was forced into the carbonaceous shale and 
coal beds found in this formation, and, owing to the fact that the 
Kimberley diamonds occur in peridotite penetrating carbonaceous 
shale, more than ordinary interest attaches to the Elliott County 
occurrence of peridotite. This interest has led to the prospecting 
of streams in the neighborhood, and also to the sinking of a shaft 
70 feet deep, which at the time of the writer's visit (October, 1905) 
was filled with debris. During the spring of 1906 it was reported 
that another prospect shaft was being sunk. As to the presence of 
diamonds the writer has no authentic information. 

STRUCTURE. 
MODE OF REPRESENTING STRUCTURE. 

The inclination of the beds to a horizontal plane, or the dip of 
the beds, as it is commonly called, is measured in the field by means 
of a clinometer when the inclination is great enough to be suscepti- 
ble to this method. In but few localities, however, in the Kenova 
quadrangle are the dips sufficient to allow this mode of measurement 
Where this method is not applicable continuous road sections are 
run and the beds are correlated from hillside to hillside. When 
the elevation above mean sea level of a given sandstone, coal, or 
limestone on one hill and its elevation a mile or so away have been 
found, the rise or fall of this particular bed in feet per mile is at 
once obtained. By connecting points of equal elevation on any 
selected bed the contour lines for that bed are drawn. On the map, 
PL I, the contour interval is 50 feet and all points having altitudes 
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that are multiples of 50 were connected by black lines. For instance, 
in drawing the 600- foot contour line those points in the area 
where the datum selected (the top of the Homewood sandstone) 
reached this elevation were connected, and likewise for the other con- 
tour lines. 

The top of the Homewood sandstone was selected in this area, on 
account of the ease with which this bed may be followed, owing to 
its persistence and relations to other well-known horizons. Where 
it failed to appear above drainage, its distance below other known 
beds was used, assuming, of course, that the distance was constant 
within the limited area where this means was employed. Conversely, 
when the dips were such as to carry the top of the Homewood above 
the hilltops its distance above known beds was applied. However, 
great precision was not obtainable, as such intervals are subject to 
variation all over the region, and especially in the areas covered by 
the formations above the Homewood. Furthermore the elevations 
were obtained by means of aneroid barometers, which are liable to 
sudden variations and have to be constantly checked against spirit- 
level elevations. In spite of these sources of error, it has been thought 
advisable to draw structure contour lines. These show the general- 
ized surface formed by the top of the Homewood sandstone, and, 
less precisely, the lay of the overlying and underlying beds. The 
limit of error may generally be considered a contour interval, but 
\vhere the beds vary in thickness as they do in this area it may be 
more. This mode of presentation, in addition to showing the struc- 
ture of the beds, enables us to estimate the elevation of the top of 
the Homewood sandstone when it is below drainage. For instance, 
near Zelda the 400- foot contour line was drawn. The elevation of 
Zelda is 580 feet above mean sea level ; therefore, the top of the Home- 
wood sandstone should be at a depth of 180 feet. The distances of 
the various coal beds above or below the top of this sandstone being 
known, their depth below the surface may in turn be estimated at 
this point. 

DETAILED DESCRIPTION OF STRUCTURE. 

This quadrangle lies at the southwest end of the great trough 
formed by the coal-bearing rocks of the Appalachian field. The 
axis of the trough extends southwest from near Pittsburg, Pa., 
and the trough reaches its maximum development near central 
West Virginia. Frofti this point southwestward the axis slowly rises, 
crossing Ohio River a little east of the quadrangle and reaching Big 
Sandy River from 8 to 10 miles above its confluence with the Ohio. 
The axial line follows Big Sandy River southward for 2 miles and 
gradually curves to the west, pitching upward along a line practically 
coincident with the boundary between Carter County and Elliott 
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and Lawrence counties. The beds south of the axial line dip north 
and northwest, and those on the northern side dip southeast. The 
dips over most of the area are not very steep. In the northern two- 
thirds of the quadrangle the dips, with a few exceptions, do not 
average as high as 50 feet per mile. Near Catlettsburg the upper 
part of the Pottsville formation is exposed at railroad level, but 
across Big Sandy River the lowest rocks exposed in the cliffs along 
the Norfolk and Western Railway are the lower sandstone members 
of the Conemaugh formation ; thus a dip of more than 50 feet per 
mile is involved between these points. Near Willard and southwest 
of this town in Carter County the dips are above the average, being 
close to 100 feet per mile. The steepest dips are confined to the 
southern third of the area. This belt of sharp dips is about 6 miles 
broad south of Louisa, but it narrows westward until at Blaine it is 
not more than a mile in width. West of this town the beds curve 
gently northwestward around the head of the basin. The dips in the 
ridge south of Louisa are fully 100 feet per mile. Near Adams and 
on Right Fork of Blaine Creek the rocks in places dip 300 feet per 
mile. The steepest dips in the area are near the mouth of Hood 
Creek in the eastern part of the town of Blaine. At the bridge over 
Hood creek the beds are inclined 11 degrees, and near this point two 
small faults were discovered by Mr. Ashley, but their throws are 
probably not great enough to materially affect the structure contours. 
A few minor flexures are involved in the main syncline. In the 
region near Irad and Osie, Lawrence County, the Homewood sand- 
stone thickens toward the west very rapidly, causing a slight arch 
in the overlying beds, but west of this district the sandstone is some- 
what thinner and causes a slight depression. West of Cherokee 
Creek, approaching Elliott County, the structure seems to be rather 
irregular. This may be more apparent than real, and the irregu- 
larity in the contours may be due to the fact that they are based on 
but few outcrops and that the underlying sandstones, which might 
serve as a guide, thicken and cut out the coal beds. The flattening 
of the beds to the west is due to the dying out of the Appalachian 
folds as the Cincinnati arch is approached. West of this quadrangle 
the beds gradually rise to the apex of this arch, and this gradual 
rise is indicated in the contours west of Little Sandy River, 

MINERAL RESOURCES. 

GENERAL STATEMENT. 

In an area of sedimentary rocks, like the Kenova quadrangle, in 
which the chief deposits are sandy or clayey, it is useless to attempt 
to find such metals as gold, silver, and lead in paying quantities. 
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Small amounts of lead, zinc, and iron sulphides do occur in the clay- 
limestone concretions in the shales of the Carboniferous system, but 
the amount of such material is so small as to be entirely negligible, 
and time devoted to the. search for the precious and base metals will 
be fruitlessly spent. On the other hand, the coal and fire-clay beds 
may repay more careful prospecting than has heretofore been given 
them, and perhaps to a less extent this is also true of the alluvium 
of the stream beds, the shale, the limestone, and the sandstone beds. 

COAL. 

Workable beds of coal are scattered through nearly the entire geo- 
logic column, as developed in this area, up to and including the cele- 
brated Pittsburg coal at the base of the Monongahela formation. 
The names, positions, and relationships of these coals are given in 
the general columnar sections (PL IV) and ^Iso in the local sections. 

These coal beds vary somewhat in character but include most varie- 
ties of the bituminous class. The bulk belong to the harder, bitumi- 
nous variety, and in many places have a splinty aspect. The coals, as 
a rule, break into rather thin slabs along charcoal layers, and hence 
may be classed as semiblock coals. As a rule they are unsuitable for 
coking, but after washing some of them give fair satisfaction. Coal 
No. 6, or the Winslow coal, which has been mined for several years 
at Winslow, has been washed and coked by the Ashland Iron and 
Mining Company for use in the company's furnaces at Ashland, and 
has always proved fairly satisfactory when mixed with a small 
amount of some standard coke or when coked with a small amount 
of some standard coking coal. All the coals give excellent results 
when used for ordinary steam and domestic purposes. Nearly all 
bear well transportation and stocking. Coal No. 7, or the Coalton 
coal, which ranks with and is stratigi'aphically equivalent to the 
famous Nelsonville coal of Ohio, has been and is still used by the 
Ashland Iron and Mining Company in its blast furnaces at Ashland. 

Ordinary bituminous coal is frequently associated with the splinty 
variety in most of the coal beds. It is finely interlaminated with a 
dull splint in many of the benches, and in other places it forms com- 
plete benches by itself. This is sometimes the case with the Winslow 
coal, the bottom bench of which is usually of the soft bituminous 
variety and contrasts with the harder splinty type of the two upper 
benches. Certain beds in restricted areas contain benches of oannel 
coal, for example, the coals now being worked by the Kentucky Cannel 
Coal Company at Boghead and Hunnewell. Sections obtained at 
Boghead show the character of these two coals at this point. 
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ReUUions of coal and other important beds in the Kenova quad- 
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rangU, with names used in Pennsylvaniaj Ohio, and Kentucky. 
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PenDsylyania names. 


Ohio names. 


Kentucky names. 


Pittsbunr sandstoiid 






Pittsburg coftl 


Pittsburg coal 










Ames limestone 


Ames limestone 




r Fine Creek or Ck>leman limestone. 
iBrush Creek limestone 


Upper Cambridge limestone. . . . 
Lower Cambridge limestone . . . 


Upper Cambridge limestone. 
Lower Cambridge limestone. 


Brnsh Creek coal 




Mahoning sandstone 


Mahoning sandstone 


Mahoning sandstone. 








Upper Freeport coal 
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7 coal. 
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ville, Lower Waterloo, Ash- 
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coal. 


No. 7 coal. 
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No. 6, Keyes Creek, River Hill, 
or Limestone coal. 

No. 6 coal. 








Vanport or Ferriferous limestone. 


Hanging Rock or Ferriferous 
limestone. 


Brookville coal 


No. 4 coal 






Homewood sandstone 
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Lower Mercer coal 
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Sharon confflomerate. 
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hand formation, or Cuyahoga 
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sand. 
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Bedford shale 










Ragland sand. 

Ohio or Chattanooga shale. 




Ohio shale 
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Section of No, 4 coal bed at Boghead. 

Shale roof. Tncbe&. 

Coal, bituminous 7i 

Bone \ 

Coal, bituminous 11 

Fire clay Tf 

Bone Oi 

Coal, eannel 9 

HectioH of \o. 3 coal bed at Boghead, 

Shale roof. inches. 

Coal, bituminous 5 

Bone 2 

Coal, eannel 15 

Fire clay 15 

Coal, bituminous 141 

511 

It is reported that the eannel layers are erratic in their occurrence, 
being as liable in No. 3 bed to occur in the top as in the middle bench. 
In the hill southeast of Hunnewell the middle bench is eannel coal. 
In Elliott County, near the western edge of the quadrangle, m the 
hills west of Stephens and north of Fielden, there is an important 
eannel bed well up in the top of the hill. Old openings were observed 
by the writer, but there was no opportunity to measure the coal. 
G. H. Ashley found the eannel layer 4 feet thick in places in the 
hills south of Critches Creek. This coal bed lies about 50 to 60 feet 
above the top of the Homewood sandstone and is tentatively corre- 
lated with the Winslow or No. 6 coal of the country to the east. On 
Hilton Branch, southwest of Willard, a rather thick bed of eannel has 
been worked in a small way. The seam was opened on the land of 
William Corey and Elijah Sturgill. At the opening on Mr. Corey's 
property the coal measured 29 inches of eannel with more lying below 
unseen on account of the water which nearly filled the opening. Mr. 
Sturgill, jr., reports 36 inches of eannel overlain by 8 inches of bitu- 
minous coal, capped by a sandstone roof. The Brush Creek coal of 
Lawrence County also contains a eannel layer. Besides these beds of 
eannel coal there are others containing sufficient volatile hydrocarbons 
to class them with the eannel coals. This is the case with certain 
layers in the Torchlight or No. 3 coal of Levisa Fork, Lawrence 
County, while the " Little Cannel " bed lying 140 feet below No. 3 
at Torchlight contains a band whose analysis shows 55 per cent of 
volatile matter. PI. IV and the table on pages 26-27 show the rela- 
tions of the various coals and their equivalents in Pennsylvania, Ohio, 
and Kentucky. 
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GENERAL SECTIONS SHOWING RELATION BETWEEN THE COALS IN THE KENOVA QUAD- 
RANGLE AND THEIR EQUIVALENTS IN PENNSYLVANIA. OHIO. AND KENTUCKY. 
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CLAY. 

The elftys of the Kenova quadrangle are all sedimentary in origin 
and have reached their present position through the agency of water. 
They may be divided as regards both age and adaptability into two 
classes. First, the bedded clays, and, second, the recent unconsoli- 
dated silts or clays of the stream valleys. Of the former class two- 
beds are proniinent. 

The higher of the bedded clays is that occurring near the horizon 
of the Vanport (" Hanging Rock ") limestone, about 10 to 40 feet 
above the top of the Homewood sandstone. Though not so important 
as the lower fire clay at Olive Hill (the Sciotoville clay of Ohio) in 
the northeastern part of Kentucky, yet, when taken as a whole, it is 
of far greater importance in the Kenova quadrangle. On the eco- 
nomic map the red line, except along Tygarts and Evermau creeks. 
Carter County, may be taken as the outcrop of the Vanport (" Hang- 
ing Rock ") limestone with its associated clay. Detailed descriptions 
of the characteristics of this clay, as noted at different localities, are 
given on pages 113-117. 

The lower of the two important clays occurs a few feet above the 
Maxville limestone and is one of the most important fire clays of 
northeastern Kentucky and southern Ohio. This is the celebrated 
Sciotoville clay of the Ohio Geological Survey reports, less widely 
known as the Logan clay. It has been extensively mined at Scioto- 
ville and in the region aroimd Portsmouth, Ohio, and is also mined 
on a large scale at Olive Hill, Ky., and in the valley of Tygarts 
Creek, which cuts across the northwestern corner of this quadrangle. 
In this area the fire clay appears at a few points near the western 
boundary and these occurrences are described in detail on page 118. 

The recent clays of the flood plains of the rivers and small streams 
are widespread, even the smallest streams having in places extensive 
deposits. Those which are worked at present are confined to the Ohio 
Valley, where there is a local market, cheap coal, and convenient 
transportation facilities. This flood^plain clay is suitable chiefly for 
ordinary building brick, tile, shingles, etc. 

Other important clays are found, but they are not so persistent as 
those noted above. Among those of less importance is the fire clay 
associated with coal No. 4 at Ashland and Catlettsburg and in the 
hills northwest of Willard, near the headwaters of Johns Creek. 

Besides clays proper there is in the Carboniferous rocks over the 
entire quadrangle an abundance of raw material, such as ganister 
(siliceous clay) and nimierous shale beds, which thus far has not 
even been prospected. This no doubt would make brick of fair grade. 
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MISCELLANEOUS ECONOMIC PRODUCTS. 

The less important resources of this area are limestone and iron 
ore, sandstone, oil, gas, glass sand, and salt These commodities will 
be considered in detail in a subsequent part of this bulletin. 

DESCRIPTION OF COAL RESOURCES BY DISTRICTS. 

For convenience in reference and fron* a commercial rather than 
a scientific point of view the coal resources of this area are described 
by districts whose boundaries have been chosen so that each district 
may coincide as closely as possible with the country naturally tribu- 
tary to a certain railway line or other highway of communicatioiL 
These districts are as follows : 

1. Ohio district. 

2. Big Sandy Valley. 

3. District tributary to the Louisville and Lexington Railroad, or Chesapeake 
and Ohio Railway district. 

4. Little Sandy Valley, or main E^astem Kentucky Railway district 

5. District tributary to the southern terminus of the E2astem Kentucky RaU- 
way. 

OHIO DIBTRIOT. 
EXTENT. 

Only the southern part of Lawrence County, Ohio, including parts 
of Fayette, Perry, and Upper townships, is included in the Kenova 
quadrangle. 

STRATIGRAPHY. 

The rocks exposed in Ohio comprise the whole of the Allegheny 
and parts of the Conemaugh and Pottsville formations. The total 
thickness represented is in round numbers about 600 or 700 feet. The 
following section, obtained near Coalgrove depot, gives an excellent 
idea of the Allegheny formation and the lower part of the Cone- 
maugh as developed at this point. The numbers of the coals are 
those of the Kentucky series. 

Section near Coalgrove depot, 

Conemaugh formation : Feet 

Sandstone, laminated : 25 

Shale, red and gi*een 25 

Limestone, fossiliferous (Cambridge) 1 

Sandstone, lamlnat«xl 20 

Shale 10± 

Sandstone, laminated 36 

Allegheny formation : 

Coal bloom (position of coal No, 9). 

Concealed 60 

Position of coal No, 8, 
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Allegheny formation — Continued. Feet*. 

Concealed and shaly sandstone 44 

Coal No. 7. 

Sandstone, massive 33 

Coal No. 6. 

Sandstone, massive 40 

Clay, massive flint li-l§ 

Clay, plastic 5 

Limestone ("Hanging Rock") 1 4 

Fire clay 1* 

Concealed 5 

Probable position of coal No. -J. 

The Conemaugh formation in the Coalgrov^e section is typical so 
far as it goes, with the exception of the basal sandstone. This is not 
usually laminated, but is very massive near the eastern edge of the 
quadrangle (PL III, 5, p. 14). The massive character of this basal 
member is well shown near the Norfolk and Western Railway bridge 
near North Kenova and on the county road joining the river pike 
west of Burlington. This sandstone forms prominent cliffs nearly 
all along Ohio River in this area and in West Virginia as well. The 
higher beds of the Conemaugh, not shown in the section at Coal- 
grove, are well exposed in the hills back of Burlington and Sybene 
and in general away from Ohio River, and consist chiefly of red shale 
and sandstone, occasional limestones, which are more or less per- 
sistent, and small coal beds, rarely of workable thickness. In the 
eastern part of the Ohio district, in Fayette Township, the surface 
of the country is made up chiefly of shales of the Conemaugh, with 
local sandstones and small and unimportant coal beds. This region, 
though very hilly, is fertile and well adapted to the growing of fruits 
and farm products, and is under general cultivation (PI. Ill, 4, 
p. 14). Since this formation is of little economic interest, it will not 
be considered further. 

The Allegheny is fairly developed, with the exception of coal No. 
4<* (Ohio nomenclature, PI. IV). This coal was not seen in the sec- 
tion at Coalgrove, but the higher coals were all seen at one point or 
another in this State. The Allegheny formation is present in all the 
hills in Upper and Perry townships, but the eastern dips cause it to 
disappear near North Kenova, just east of the Norfolk and Western 
Railway bridge. The thickness of the Allegheny is about 180 feet. 
The highest coal bed present in this formation is the Upper Freeport, 
which lies either immediately or at a small distance below the Mahon- 
ing sandstone. Its bloom is fairly widespread, though it does not 
seem to have been worked to any extent. This coal is the Waterloo 
or No. 7 of the Ohio Geological Survey. Thirty to fifty feet below 
it occurs the Hatcher of the Ohio and Kentucky geological surveys. 

» No. 5 In the Kentucky series. 
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In Ohio it is No. 6A and in Kentucky No. 8. E. McMillan • has cor- 
related it with the Lower Freeport of Pennsylvania. The most im- 
portant coal in this part of Ohio is found 100 feet below the base of 
the Mahoning sandstone. It is known as the Sheridan or No. 6 coal 
in Ohio. In Kentucky it is also important and is known as the No. 
7 or Coalton coal. The Ohio geologists *» have correlated it with the 
Middle Kittanning coal. Between these three coals are two beds of 
limestone, in many places associated with iron ore. The massive sand- 
stone overlying the Coalton coal serves as a means for locating and 
following it. About 30 to 40 feet below the Coalton coal another per- 
sistent bed is found, known as the Newcastle coal, or No. 5 bed (No. 
6 of Kentucky). It is best seen at Coalgrove, where it lies 33 feet 
below the Coalton coal, the interval being occupied by a very ma^ve 
sandstone. 

The lowest stratum of economic importance in the Allegheny is 
the clay associated with the Vanport (" Hanging Rock '') limestone. 
The bed is about 75 feet below the Coalton coal and is capped by a 
very massive sandstone. No other beds of economic value were seen 
above drainage level in this area. 

Only a very small part of the Pottsville formation is shown, prob- 
ably not more than 20 to 25 feet, and this is in the vicinity of the 
CJoalgrove section. The Homewood sandstone outcrops near Coal- 
grove depot, and although No. 4 coal of the Ohio Survey, or that 
resting directly on the Homewood sandstone, is not known in this 
immediate neighborhood, it has been recognized in the vicinity of 
Ironton, not more than a mile to the west, by the Ohio geologists.* 

THE COALS. 
rPPER COALS. 

The upper coals in the Allegheny formation and the coals in the 
Conemaugh have little or no importance in this part of Ohio. The 
Hatcher coal, No. 8 of the Kentucky Survey, and the Upper Free- 
port have been opened in a few places on Lick Creek, about \\ 
miles east of Sheridan, and near the residence of R. H. Henshaw 
on Little Ice Creek. In the summer of 1905 openings on these upper 
coals were fallen shut and no measurements could be obtained. 
According to the Ohio State reports the Upper Freeport coal, whidi 
is known as the Bayleys Run or Waterloo coal, is 4 feet thick near 
Ironton,^ and in the general section given by McMillan « it is repre- 
sented as averaging 6 feet. In quality these coals are inferior to the 

« Ohio GpoI. Survey, vol. 5, 1884, p. 122. 

»Ohio Geol. Survey, vol. 3. pt. 1, 1878, section opposite p. 928. 
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Coalton coal, and under present conditions probably could not be 
marketed. They have furnished up to the present time a small 
amount of fuel for local consumption and will probably continue 
to do so for a number of years. 

SHERIDAN COAL OF OHIO (COALTON COAL OF KENTUCKY). 

Position. — The Coalton coal is 100 feet below the Upper Freeport 
coal and about 50 feet below the Hatcher or Lower Freeport bed. It 
has been correlated with the Middle Kittanning coal of Pennsylvania. 
In this report the name Coalton coal will be applied to this bed, since 
in Kentucky it was originally worked at Coalton, and was widely 
known under this name." It is the second bed above the Vanport 
(" Hanging Rock ") limestone and ore. 

Extent. — This coal has been known and worked for many years 
in the Hanging Rock region. According to the Ohio Geological 
Survey reports,^ it is identical with the celebrated Nelsonville or 
Straitsville coal of the Hocking Valley. Up to the present time it 
has proved to be by far the most important commercial coal in this 
quadrangle, and in Kentucky much of it lying above drainage level 
has been removed. In Ohio, however, little has been removed above 
drainage level and none below. 

As it occurs 30 to 40 feet above the next lower coal its outcrop 
will be found above drainage level farther to the east than the out- 
crop of the lower bed, but the area above drainage level underlain 
by it is comparatively small, being not more than one-tenth of that 
part of Ohio included within this quadrangle. It is present in all 
the hills near. Coalgrove, Forestdale, and Sheridan ; in the hills well 
up on Little Ice Creek, and also along Ohio River to a point about 
2 miles above Sheridan. (See PI. I.) Beyond this point it is hidden 
by the flood-plain deposits. Near North Kenova, just east of the 
bridge, no flood plain is present, and a coal which may possibly be 
referred to the Coalton bed lies nearly at the river's edge. It is 
about 55 feet below road level and is now worked in a small way 
by B. J. Davidson and Will Dillon. West of the bridge a few old 
openings on this bed were observed, but they are fallen shut and the 
thickness of the bed could not be determined. Just east of the 
Davidson and Dillon openings the coal disappears below Ohio River. 

Development. — This coal is not now worked on a commercial scale, 
but the reason is evidently not the scarcity of material, as there is 
an ample supply of good coal still above drainage level. The old 
Sheridan Company ceased operations more than twenty years ago. 

•Kentucky Geol. Survey, vol. C, 1884, p. 122. 
»Ohlo Oool. Surrey, vol. 3, pt. 1, 1878, pp. 917-918, 
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At present the coal is of importance simply as a source of local supply 
and has been opened at many points where its outcrop approaches 
drainage level, notably on Little Ice Creek and its branches east of 
Forestdale, and in the hills along Ohio River near Sheridan. 

Character. — The Sheridan coal in general ranges in thickness from 
about 3 to 4 feet, but in places exceeds the latter figure. As a rule 
it has a small bony parting, an inch or less thick, lying from 2 to 14 
inches from the roof. The upper of its two benches is usually about 
a foot thick ; the lower or main bench varies from 2 to 3 feet. South- 
east of Lick Creek the two benches are represented by a single bench 
of 25 to 27 inches (section 3, fig. 1). The different measurements 
of this bed obtained in this field are given in fig. 1. It is possible 
that a third bench exists in places, for in Kentucky this very com- 
monly appears. 

The Coalton coal is a hard, splinty coal, breaking along charcoal 
layers into slabs, which range from 6 to 8 inches in thickness. It is 



Pig. 1. — Sections of Allegheny coals in Ohio. Coal No. 7 : 1, Elizabeth Wise, Little Ice 
Creek; 2, John Ide, Sheridan; 3, William Talbot, 1 mile southeast of Sheridan; 4, 
Henry Wlneka, Lick Creek ; 5, east of Forestdale. Coal No. 6 : 6, country bank north 
of Coalgrove ; 7, Harry Smith, north of Coalgrove. Scale, 1 inch «='5 feet. 



too high in sulphur to make a first-class coke, therefore it will be used 
chiefly as a steam and domestic coal, being well adapted for stove and 
grate use. The analyses of this coal, given on page 71, are dis- 
cussed on pages 71-72. 

The roof of the coal is in some places massive sandstone and in 
others shale. The sandstone which overlies or underlies the coal 
becomes abnormally thick in places and cuts it out almost completely, 
leaving but a few stringers of coal to represent the bed. Such is its 
condition along the Ohio River, opposite the eastern suburbs of 
Ashland, where the sandstone of the lower part of the Allegheny 
formation is abnormally thick. For this reason the coal is not visible 
in many places where its horizon is exposed. It is reported also 
to be absent just west of Forestdale. 

Economic features. — Owing to the southeast dips which prevail in 
this district the proper points for opening mines on this coal bed 
are on the southeast flanks of the hills. In sinking shafts care should 
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be exercised to place them with a view to working up the dip or in a 
northwest direction. The situation of the district with respect to 
market and transportation could hardly be improved. Many of the 
large cities of Ohio and Kentucky lie within a radius of 100 miles, 
and either railway or the very much cheaper river transportation 
is convenient, the Ohio being navigable the year aroimd well above 
this point. 

No estimate is attempted of the amoimt of coal of workable quality. 
It may be suflScient to state here that the Coalton bed underlies about 
nine-tenths of that portion of Ohio included in this quadrangle, and 
there is no apparent reason for supposing that it will not prove work- 
able in almost its entire area. 

NEWCASTLE COAL OF OHIO (WINSLOW COAL, OB NOi 6, OF KENTUCKY). 

Extent and development. — The lower of the workable coals in Ohio 
has been called in the State reports the Newcastle or No. 5 coal, and 
is considered by Orton and the Ohio geologists as the equivalent of 
the Lower Kittanning coal of Pennsylvania. (See PL IV, p. 28.) 
As it is the first coal bed of importance above the Vanport (" Hang- 
ing Rock ") limestone, it is locally called in Kentucky the " Limestone 
coal," a name which is also applied to it about Coalgrove, Ohio. It 
is worked on a commercial scale at Winslow, Boyd County, Ky., and 
therefore will be called in this report the Winslow coal. It is found 
at varying distances above the Vanport limestone, but it will average 
40 feet above this bed and 30 feet below the Coalton coal. From the 
sections given on page 36 and in fig. 1 it will be seen that this 
coal lies below heavy sandstones at Coalgrove. Its outcrop is not 
indicated on the economic map, but, if drawn, would appear be- 
tween that of the Vanport limestone, represented in red, and that of 
the Coalton coal, represented in blue. It will be seen that its outcrop 
is not of great extent, because the eastern dips carry it below drainage 
level. Where exposed it has been opened in many places, and it is 
now mined on a commercial scale near the base of the hill northwest 
of Coalgrove depot. Several country banks are working this' coal 
near Forestdale, east of which the coal is below drainage level. 
Along the river pike this coal has been worked in a very small way at 
one or two points, but the linear extent of its outcrop here does not 
exceed a mile. 

Character, — ^The two sections given in fig. 1 (p. 34) illustrate well 
the character of this coal. The first section, obtained just north of 
Coalgrove depot, is more typical than that measured at the country 
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bank of Harry Smith, as the bed usually occurs in three benches, 
which may vary as shown in the following section : 

General section of Winslow coal, near Coalgrovc. 
Sandstone. inches. 

Coal 8-16 

Bone 1- 3 

Coal .___ 15-16 

Shale 4 

Coal 8-16 

The bed is apt to be irregular in thickness, and the maximum fig- 
ures given above were obtained at only one point. A fair average 
thickness is 3 or 3^ feet. The massive sandstone which overlies the 
bed furnishes an admirable roof, and little timbering is necessary. 
On the other hand, this sandstone is liable to roll and it may replace 
the coal completely. The coal is dry, of good quality, and well 
adapted for heating purposes. It does not furnish a good grade of 
coke, owing to the presence of a large amount of sulphur, but after 
washing it is suitable for coking. The coal mined at Coalgrove is 
shipped over the Norfolk and Western Railway to Portsmouth, Ohio. 

BIO BANDY VALLEY DISTRICT. 
EXTENT. 

The Big Sandy Valley district includes that portion of this quad- 
rangle whose natural outlet is along Big Sandy River. It includes 
all of Wayne County, W. Va., within the limits of this quadrangle, 
except that part whose outlet is along Twelvepole Creek ; but as this 
small area is of little importance from an economic standpoint, it may 
be said that all of West Virginia included in this quadrangle has 
its natural commercial outlet along Big Sandy River. This district 
extends as far west as the ridge dividing the waters of Big Sandy 
from those of East Fork of Little Sandy River. The northwestern 
corner of this division is the summit of the ridge between Shope 
and Chadwick creeks, Boyd County. Southwest of this point the 
boundary is a sinuous line along the ridge mentioned, which lies 
east of Alley, Bolts Fork, and Estep. In this district is included 
Cooksey Fork and Cat Creek. From the head of Cooksey Fork the 
line marking the western boundary of the district passes to the con- 
fluence of Daniels Creek and Blaine Creek, thence along the latter 
creek to the south. It passes out of the quadrangle along the ridge 
inunediately west of Rich Creek. (See PI. I.) 

STRATIGRAPHY. 

This district includes the widest range of coals in the entire quad- 
rangle, comprising, indeed, all the coal horizons here represented. 
All the coals, however, are not developed in this district on a work- 
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able scale, and a few beds appear not to have been formed at all in 
places. On account of the comprehensive character of the geologic 
column the description of this district will serve as a natural intro- 
duction to those which follow. 

All the geologic formations represented in the quadrangle, with 
the possible exception of those of the Mississippian series, are devel- 
oped in the Big Sandy Valley. The highest rocks represented belong 
to the Monongahela formation. This formation is only partly de- 
veloped and is of very small extent, occurring in the hills which carry 
the Pittsburg coal near the mouth of Gragston Creek, Wayne County, 
W. Va. This is the only locality in this quadrangle where rocks of 
this formation are present. Its most important member is the Pitts- 
burg coal lying at its base. This is capped by the Pittsburg sand- 
stone, which is about 30 feet thick and is very massive. The remain- 
der of this formation is composed of reddish shales and sandy 
sediments. About 100 feet of the formation are still left in the hills. 
(SeePl. IV,p. 28.) 

The Conemaugh formation is completely developed in a small area 
in this quadrangle near the mouth of Gragston Creek, Wayne County, 
W. Va., in the deepest part of the basin. In the tops of the highest 
hills near the mouth of this creek is the Pittsburg coal mentioned in 
the last paragraph, the floor of which marks the top of the Cone- 
maugh formation. The thickness of the Conemaugh is more than 300 
feet. It is composed chiefly of shales, together with limestone and 
a few thin coal beds. It also contains sandstones which, with certain 
exceptions, are liable to be lenticular, and on this account are poor 
stratigraphic guides. The rocks of this and the overlying Monon- 
gahela formation are the poorest in the area with reference to coal 
resources, the only really valuable coal associated with them being the 
Pittsburg bed, which occurs in too small an area to be of great eco- 
nomic importance. The rocks of this formation, although a complete 
section is shown only over a very small area, are yet widespread over 
the surface of this district, occupying possibly two- thirds of the 
entire area. 

The Allegheny, the next lower formation, is about 160 feet thick. 
A section of Allegheny rocks may be seen along the road northwest 
of Louisa from a point near the confluence of Canes Branch and Two- 
mile Creek. The massive sandstone at the top of the Pottsville is in 
the roadbed at drainage level, and not far away the Winslow, or No. 
6, coal bed has been opened 30 feet above it. At the forks of the road 
near the head of Canes Branch one of the lower limestones of the 
Conemaugh formation is present, with another limestone 40 or 50 
feet below it on the west side of the ridge. The Mahoning sandstone, 
lying .^0 feet under this lower limestone, is rather massive. West of 
this ridge, as Blaine Creek is approached, the sandstone afc^he top of 
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the Pottsville becomes abnormally massive and thick. The Alle- 
gheny here loses some of the distinctiveness which characterizes it in 
the northern- part of the quadrangle, and its upper boundary is some- 
what doubtful. Southward from the region around Louisa the rise 
in the beds causes the gradual disappearance of the Allegheny from 
the hills. North of this point the formation gradually descends to 
the center of the basin, until at Zelda the highest coal in the forma- 
tion disappears below the flood-plain deposits. A rise in the beds 
brings the Allegheny above drainage level again north of Savage. 
The formation is present in whole or in part in nearly all the hills in 
the southern third of the Big Sandy Valley district and also at the 
north end of the district near the mouth of Big Sandy River. The 
coals of the Allegheny are not so well developed in this district as to 
the north and west. The thickness of the formation along Big Sandy 
River, north of Louisa, seems to be about the same as near Ashland 
and Coalgrove, 160 to 180 feet. 

The Pottsville formation is well developed in the southern part of 
the district, and a fairly good section was compiled on the Chesa- 
peake and Ohio Railway, along Levisa Fork and in the surrounding 
hills. This section was measured south of Louisa <and is as follows: 

Section of Pottsville on Levisa Fork south of Louisa, Lawrence County, Ky, 

Ft. In. 

Sandstone, massive, Homewood <* 40-60 

Coal No. 4* Lick Creek coal (Upper Mercer). 

Ore, black band 8-12 

Concealed 20 

Sandstone, massive : 20 

Shale or sandstone 1.5 

Coal No. 5, Torchliglit (Lower Mercer). 

Probable shaly sandstone 50-60 

Coal 4-8 

Probable sandstone 21 

Concealed, but probably shaly sandstone 19 

Concealed 17 

Sandstone, laminated 5 

Concealed .' 20 

Shale with five small coal beds, the topmost of which 

is the so-called "Little Cannel seam" 32 8 

Sandstone, massive 40-100 

Interval 30d: 

Shale, drab 5 

Shale, black *_ 3 

Shale, dark 4 

Coal (Sharon?) 1 4 

"It i.s probable that south of Louisa, where this saDdstODe is very massive and ap- 
parently homogeneous throughout. It Is not wholly of true Homewood age. Its lower 
part probably belongs under coal No. 4, which was cut out In places by a thickening up 
of the lower sandstone member. In this case only the top should be regarded as the 
true Homewood sandstone. ^->. | 
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Ft. in. 

Shale and sandstone 5 

Coal hloom 6 

Sandstone, massive (Sharon) 40± 

Shale 10 

Coal "bloom 1 

Shale and sandstone 10 

Shale 5 

Limestone, blue 8 

Shale, gray 2-5 

Limestone, blue 1 

Shale, dark 5 

Sandstone 4 

Shale 3 

Coal hloom 1-2 

Shale 3 

Coal hloom. 

Sandstone, massive '. 4 

Coal hloom. 

Fireclay 8 

Sandstone IJ 

Concealed 1 20± 

Sandstone, shaly, micaceous . 10 

It will be seen that in general the section shows several massive 
sandstone groups, between which are intervals containing coals, 
shales, shaly sandstones, limestone, and iron ores, the total thickness 
of which is approximately 600 feet. The general sandy character 
of this formation is also noteworthy. 

In the section certain Pennsylvanian equivalents have been inserted 
in parentheses. These correlations have been based on studies made 
by David WTiite. The bed worked at Torchlight, known at the Torch- 
light coal in this report, is regarded by him as the equivalent of the 
lower coal worked at Boghead, Carter County, and both the lower 
and the upper coals worked on Stinson Creek at Boghead fall within 
the Mercer group of northwestern Pennsylvania. It would seem, 
therefore, that the Torchlight (No. 3) and No. 4 probably correspond 
to the lower and upper Mercer coals, respectively. 

The reference of the group of thin coals, of which the "Little 
Cannel " is one, to the Sharon or No. 1 horizon is furthermore not 
sustained by the paleobotanic evidence, according to White. This 
group occurring in the interval of 32 feet 8 inches at railway level 
north of Torchlight represents a higher horizon than the Sharon. 
The coal underlying the massive sandstone, which begins to be promi- 
nent in the hills back of Chapman, is probably the representative of 
the Sharon in this section. At Gallup a lower sandstone is 50 to 60 
feet above railroad grade, and a short distance north of the store it 
is 50 feet thick. This is probably the Sharon sandstone. 



Digitized by 



Google 



40 ECONOMIC GEOLOGY OF KENOVA QUADRANGLE. 

It will be observed that the portion of the Pottsville below the 
sandstone at Gallup (Sharon) is characterized, within the limits of 
the quadrangle, by the development of dark shales and gnarly cauda 
galli flags, including some limestones and coals of variable thickness. 

THE COALS. 
MOHONGAHGLA COAL (PITTSBURG BED). 

In the tops of the hills near the center of the basin there is about 
100 feet of the Monongahela formation. At its base is a coal which 
is referred to the horizon of the Pittsburg bed, though it is hardly 
comparable in thickness with this famous bed in West Virginia and 
Pennsylvania. It is nevertheless a coal of excellent quality, and only 
its very moderate area of not more than a few acres 

I prevents its commercial exploitation. In the hills 

east of Lett, at the mouth of Gragston Creek, it has 
been opened on the land of Abraham Thacker and 
James Adkins, and is found to range in thickness 
from 2J to 4^ feet. It averages about 3 feet and 
usually has a thin but strong shale roof overlain 
Fig. 2.— Section of by massive sandstone 20 to 30 feet thick. The ^c- 

Plttsburg coal at ^^ . . . _ , . , ^ i * 

bank of James tion obtamed at oue of the openmgs on the land of 
Adkins In hill Jamcs Adkins illustrates the character of this bed 

west of Center- , 7, . 

viUe. w. va. (sce hg. 2). 

Scale, 1 Inch =» 5 

feet. C0NEM1IJ€H COALS. 

It has been stated that the Conemaugh formation is in marked con- 
trast with that lying below, both in the character of its rocks and in 
the fact that it contains no workable coals and only here and there 
a bed of iron ore. In the Big Sandy River Region this description 
holds fairly good with one exception. In the hills back of Cassvillo 
a small coal, called by I. C. White <» the Mason coal, is found in the 
group of sandstones at the base of the Conemaugh. It is 2 feet thick. 
The same coal bed has been opened at a few points along Twelve- 
pole Creek a few miles above Ceredo. It is as a rule so thin and so 
variable in its distribution that it can hardly be classed among the 
important coals of the future. It has now and may continue to have 
some local importance. With the exception of this bed the Cone- 
maugh formation is probably devoid of workable coals. 

•West Virginia Geol. Survey, vol. 2, 1903, p. 280. 
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ALLEGHKNT COALS. 

SECTIONS OF THE FORMATION. 

The base of the Allegheny formation appears in the hilltops about 
7 or 8 miles south of Louisa and dips rather steeply to the north, 
being very nearly, at railroad grade at Eloise and a few feet below 
railroad level at Louisa. There are at least five workable coals in 
the Allegheny in different parts of this quadrangle, but in no single 
district are all these of workable thickness. Usually not more than 
two or three are workable in any particular locality. This is true 
for the region about Louisa and for the valley of Big Sandy River 
as a whole. A section obtained near Cassville will illustrate the 
character of the beds in the Allegheny formation, 

Section at Cassville, 

Top of hill. Ft. In. 

Concealed and sandy debris 15 

Sandstone, massive 28 

Shale 3 

Shale, fossil If erous <* 4 

Coal 2 

Sandstone, conglomeratic in places, with calcareous nodules 

about 15 feet from its top 53 

Probable top of Allegheny. 

Concealed 22 

Sandstone, massive 20 

Clay, flint. 

Shale, green 1 6 

Shale, red 1 

Shale 12 6 

Concealed, but containing a coal near the top 20 

Sandstone, laminated or shaly 1 

Shale, sandy 9 

Shale, greenish, and sandy shale 25 

Coal smut 2 

Fire clay, green 3 

Sandstone 2 

Fire clay, drab 1 6 

Shale, sandy 12 

Sandstone, massive 4 

Fire clay 3-4 

Sandstone, laminated 10 

Limestone ore, nodular 1 

Shale 3 6 

Coal No, 6 1 9 

Fire clay, upper part fossil iferous 2 

Shale, sandy (» 

Coal li 



« This Bhale Is regarded by I. C. White as the representative of the lower Cambridge 
limestone and the coal underlying it as the Mason : West Virginia Geol. Survey, vol. 2, 
1908, p. 280. ^ T 
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Ft. In. 

Shale, green, fosslliferous 1 

Goal 5 

Fire clay 6 

Fire clay, siliceous 6+ 

Concealed 7 6 

I^ailroad grade. 

The lower part of this section was measured also in the first main 
cut on the Chesapeake and Ohio Railway, about a mile north of 
Louisa. 

This section, which shows the variations that may take place 
within a short distance, is as follows: 

Section north of Louisa, 

Ft- In. 

Coal 1 

Sandstone, laminated 2 

Coal 6 

Shale 3-5 

Sandstone, laminated 4 

Fire clay 6 

Sandstone, laminated 2 

Limestone, ferruginous 4-5 

Fire clay 1 

Sandstone, laminated 2-3 

Fire clay, with nodular limestone 1 

Sandstone, laminated 3 

Limestone nodules, intermittent layer__ I 6 

Shales, drab, or fire clay 4 

Coal, changing to hlack flint 6 

Fire clay 2 

Coal 1 6 

Shale, dark fosslliferous 4 

Bone 6 

Shale, drab fosslliferous 1 6 

Coal 6 

Fire clay, siliceous 5 

Railroad level. 

Fire clay, siliceous 3 

Concealed 3 

Shale, drab 5 

These two sections, obtained on opposite sides of the confluence of 
Tug and I^evisa forks, illustrate well the character of the coal-bear- 
ing rocks in this vicinity. The sandstone member forming the top 
of the Pottsville is exposed at the mouth of Lick and Mill creeks, 
south of I^uisa and Cassville ; also at the lock just a short distance 
down Big Sandy River from Louisa, and at the mouth of Canes 
Branch. Its top, therefore, must be only a few feet below the flood 
plain on which the towns are built. This statement is corroborated 
by the evidence of the fossil plants, examined by David White, from 
the fossiliferous beds indicated in the lower parts of the above 
sections. ^ I 
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ZELOA COAL (NO. 9). 

Name and position, — The Zelda coal is the No. 9 of Kentucky and 
the No. 7, Bayleys Run, or Waterloo coal of Ohio. 

The highest coal of importance in the Allegheny formation in Big 
Sandy Valley usually occurs below a rather massive sandstone which, 
for reasons already stated, is regarded as the Mahoning sandstone. 
The coal below this sandstone, the Zelda coal, is thought to occur at 
the horizon of the Upper Freeport coal. 

Extent and development, — In the valley of Big Sandy River the 
Zelda coal has been prospected at a number of points. The rise of 
the beds up Big Sandy River brings this coal above drainage at 
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Fig. 3. — Sections of Zelda coal (Upper Freeport, Kentucky No. 9). Kentucky: 1, Clifton 
Dean, near Zelda ; 2, Frank Yates, near Catalpa ; 3, 1 mile north of Fallsburg ; 4, 
Matthew Holley, mouth of Cat Creek ; 5, 1 mile above No. 4 ; 6, C. C. Crank, Falls- 
burg; 7, west of Fallsburg; 8, John Bentley, Yatesville ; 9, Wade Chapman, Yatesvllle. 
West Virginia: 10, on Norfolk and Western Railway, north of Miller Creek; 11, Alvln 
Stewart, opposite Zelda; 12, mouth of Little Ilnrrlcane Creek; 13, Christopher Bellamy, 
Little Hurricane Creek; 14, Elijah Thompson and William Wellman, Little Hurricane 
Creek; 15, Isaac B. Fish, Tabor Creek; 16, John Thompson, Long Branch of Tabor 
Creek (only main bench Is shown) ; 17, Volney Artrip, head of Right Fork of Hurricane 
Creek; 18, head of Trace Branch ; 19, 20, 21, near Bellups Gap; 22, Tug Fork. Scale, 
1 Inch =a 5 feet. 

Zelda, where it has been opened on both the Kentucky and the West 
Virginia side of the river. Just south of Zelda 26 inches of coal 
were measured at the bank of Clifton Dean (fig. 3, section 1). A 
short distance north of Dean's bank E. D. Milan has opened the same 
coal. South of Zelda it has been opened and worked in at least half 
a dozen placas near the mouth of Mill Branch and at Gurnetts, where 
it ranges from 2 to 3 feet in thickness. Southw^est of Catalpa it has 
been opened by Frank Yates, of Louisa, 48 feet above the railroad 
track, where it measures a little over 4 feet thick (fig. 3, section 2). 
This coal has also been opened near the mouth of Horseford Creek, 
on the property of Dr. John Berry, of Quincy, Ky. At this point 

Digitized by LjOOQi 



44 ECONOMIC GfiOLOGir Of kenova quadkakgle. 

only 1 foot of coal is exposed, beneath a shale and sandstone roof, 
but the bed is reported to be 3 feet thick. South of Fuller, owing to 
the rise of the beds, the massive sandstone capping this coal may be 
seen from the railroad at a few points; but the coal underlying it 
has not been opened, except near the heads of some of the shorter 
streams which flow into Big Sandy from the west. 

Fallshurg district. — The rise of the beds toward the south brings 
the coal bed above drainage level on Blaine Creek at the mouth of 
Long Branch, about 1 mile north of Fallsburg. Here it has the sec- 
tion indicated in fig. 3, section 3. A short distance to the south, near 
the mouth of Cat Creek, a section (4, fig. 3) almost identical with 
section 3 was seen at Matthew Holley's bank. The coal farther in the 
bank is reported 33 to 34 inches where thickest. About a mile farther 
up Cat Creek a section (5, fig. 3) showing about 25 inches of coal fur- 
nishes added evidence of the uniformity of the coal in this vicinity. 
The following section was measured east of Fallsburg: 

Section east of Fallshurg, 

Soil, sandy. 

Limestone debris. 

Soil, clayey. Feet 

Shales, green 60 

Sandstone 5 

Limestone, crinoidal 2-3 

Fire clay 1 

Shale, red and green 20-25 

Shale 20 

Clay 4 

Sandstone 45 

Sandstone, massive 20 

Coal bloom, Zelda. 

This section shows well the character of the beds above the Zelda 
coal in this region. The coal at the base of the section has been 
opened at a number of country banks in and about Fallsburg, where 
it averages about 2 feet thick, as sections 6 and 7 (fig. 3) show. West 
of Yatesville, at the banks of John Bentley, Wade Chapman, and 
James Compton, the coal bed is reported as ranging from 2 to 3 feet. 
and these figures were verified in several places (sections 8 and 9. 
fig. 3). 

^Ye8t Virginia, — The sandstone overlying the Zelda coal disappears 
below drainage level a shoit distance north of Zelda and is not ex- 
posed again until it rises above drainage level on the north side of the 
basin near Savage, Ky. From this point to the mouth of Big Sandy 
River no coal was seen immediately below the sandstone, but in a 
bed of shale, 20 feet or so below, an occasional bloom was noticed 
which may correspond with Crandall's No. 3, or the Hatcher bed. In 
West Virginia, near the mouth of Big Sandy River, the basal 
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sandstones of the Conemaugh are a very conspicuous feature in the 
l2«»dscape, and in recent cuts along the Norfolk and Western Railway 
a coal bed occupying a position corresponding to that of the Zelda 
coal was observed near the mouth of Miller Creek. This is the coal 
bed worked by Will Payne, a short distance above the mouth of the 
creek. It is reported to be 32 inches thick at Payne's bank, though, 
as will be seen from section 10 (fig. 3), it is very badly split by part- 
ings along the railroad. South of Neal it disappears below the flood 
plain. Farther east, on Whites and Gragston creeks, the horizon of 
this coal is above drainage, and in a few places the bed attains a 
workable thickness. Opposite Zelda, at Alvin Stewart's, the coal 
shows a thickness of very nearly 40 inches (section 11, fig. 3). About 
Hubbardstown and along Hurricane Creek' both this coal and the next 
underlying bed outcrop in several places. The lower of these two 
coals is rarely of workable thickness, but the higher coal has been 
opened in several places and shows a thickness of 2^ to 3 feet and 
more (sections 12, 13, and 14, fig. 3). About a mile east of Hubbards- 
town the bed does not appear to be of sufficient thickness to work, but 
near the mouth and near the headwaters of Tabor Creek it has an 
average thickness of 3 feet (section 15, fig. 3), and in places, in- 
stead of a single bench, consists of two benches, as indicated in the 
following section, measured at the bank of John Thompson : 

Section at John Thompson's bank. Tabor Creek, 
Sandstone roof. inches. 

CJoal 6i 

Shale and fire clay I 37} 

Coal 39} 

Fire clay. 

Northeast of Cassville, on the headwaters of Right Fork of Hurri- 
cane Creek, and still farther northeast, on Trace Branch, sections (17 
and 18, fig. 3) measured at the country banks working this coal give 
a good idea of its persistence and character. This coal has also been 
opened at one or two points on Mill Creek. 

The coal opened just north of Bellups Gap is tentatively referred 
to this bed, but it may be a lower coal. It has been opened by Foley 
Ferguson and James Bellup. This is probably the same coal opened 
less than a mile northeast of Louisa, which has a similar section (sec- 
tions 19, 20, and 21, fig. 3). The coal opened near Copley on Tug 
Fork is also regarded as a lower bed than the Zelda coal and may 
possibly be as low in the formation as the Coal ton coal (section 22, 

Character, — From sections of the Zelda coal given in fig- 3, it will 
be seen that it consists in general of a single bench ranging in thick- 
ness from 2 to 3 feet. It usually has a thin black shale or bone roof, 
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but is in many places overlain by massive sandstone. It rarely ex- 
ceeds 2^ feet in thickness, and the measurement of 4 feet obtained at 
Frank Yates's bank, southeast of Catalpa, is apparently local. The 
coal is a lustrous, bituminous, semiblock coal, with splinty partings, 
and is highly esteemed for smithing and domestic purposes. The chief 
objection is to its thin section. Its quality apparently bears a certain 
relation to the thickness of the bed, for the thicker coal is reported 
to be of poorer quality at the head of Little Hurricane and Tabor 
creeks. It is quite probable that it will prove commercially valuable 
at some future time in the area indicated by the solid outcrop line. 
(See economic map, PI. I.) 

COALTON COAL (NO. 7). 

The Coalton is the next lower coal bed in the Allegheny formation. 
Taken as a whole, this coal is the most important in the entire quad- 
rangle, but in the valley of Big Sandy it is of minor importance. 
About two-thirds of a mile south of Potters a coal referred to this 



Fig. 4.— Sections of the Coalton and WInslow coals in Big Sandy River district. Coal No. 
7 ( ?) : 1, George Coolssey, Cat Creels ; 2, Cat Creeic ; 3, Cat Creek. Coal No. 7 : 4, 
two-thirds of a mile south of Potters. Coal No. 6: 5, T. J. Chapman, Lick CreA; 
6, John Vaughn, Lick Creek. Scale, 1 Inch = 5 feet. 

horizon outcrops at railroad level, but is thin (fig. 4, section 4). This 
coal has been worked just north of the station. 

On Cat Creek, below the mouth of Thompson Fork, a coal which 
is doubtfully referred to this horizon has been opened about 40 to 50 
feet above the road. It is closely overlain by a rather massive sand- 
stone, and in this respect resembles the Coalton coal, but the. distance 
below the base of the massive sandstone forming the lowest member 
in the Conemaugh formation points to a higher bed. It may there- 
fore be the next higher, or Hatcher, coal. Along Cat Creek it is not 
over 50 feet below the base of the Mahoning sandstone, whereas the 
ordinary distance below that sandstone of coal Xo. 7, or the Sheridan 
bed, around Ohio River is from 90 to 100 feet. It is certain that the 
usual number of coals is not developed in the Allegheny rocks along 
Cat Creek below the mouth of Thompson Fork, as the section in the 
hill between Cat Creek and Morgan Kun indicates. The coal under 
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consideration has been opened on the property of W. A. Rice, John 
Cooksey, Willis Roberts, J. K. Chadwiek, Mrs. Americus Wood, and 
Mrs. Nancy J. Carter, on Cat Creek, and also in the vicinity of Yates- 
ville. Sections 1, 2, and 3 of fig. 4 illustrate the character of this bed 
in the valley of Blaine Creek. 

WIN8LOW COAL (NO. 6). 

In the section given on page 42, above the railroad level a mile 
north of Louisa, there is a bed of coal IJ feet thick 11 feet above the 
railroad track. In places this coal measures from 27J to 29 inches, 
with a drab or black shale roof a foot or two thick and a clay floor. 
It is the same bed which has been opened in the hills west and north- 
west of Louisa and is probably the coal referred to as coal No. 6 in 
Crandall's report ; also, it is probably the bed which is mined so ex- 
tensively about Ashland and Winslow, in Boyd County, and at Coal- 
grove, Ohio. At these different places it is known as the limestone 
coal, from its position as the first coal above the Vanport (" Hanging 
Rock ") limestone. Though it is worked extensively about Ashland, 
it has been thought best not to apply the name of that city to it, as 
the coal next above (the Coalton coal) is frequently referred to in the 
Ohio reports as the Ashland coal.^ It is being mined and shipped 
from Winslow, south of Ashland, and hence may appropriately be 
known as the Winslow coal. In the Ohio reports it is usually termed 
the Newcastle coal. As the first coal above the Vanport limestone 
it corresponds, in position at least, with the Lower Kittanning or 
Miller bed of Pennsylvania. 

Though this coal bed has been opened in many places near Louisa, 
only a few measurements could be obtained, as nearly all the banks 
in which the coal has been worked, have fallen shut. Near the mouth 
of Twomile Creek and on Lick Creek it has been opened and worked 
on a small scale. This is probably the coal opened by John Vaughn 
and T. J. Chapman. (See fig. 4, sections 5 and 6.) It is reported of 
workable thickness in the hills north of Chapman's store on Three- 
mile Run, and a few old openings on it were seen at this place. On 
Dry Ridge south of Irad it appears as a small coal not exceeding 2 
feet in thickness. 

In West Virginia, south of Cassville, it has been opened, and 32^ 
inches of coal were seen at an opening south of the town. On Mill 
Creek the coal has been opened at a few points, and though the upper 
part of the bed is somewhat injured by the presence of bone and 
shale, it usually contains a lower bench of bright, lustrous bituminous 
coal of good quality, averaging from 2 to 8 feet in thickness. 

•Ohio Geol. Survey, vol. 3, pt. 1, 1878, p. 918. 
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CAT CREEK COAL (NO. 5). 

Position. — The lowest workable coal in the Allegheny formation 
in the Big Sandy Valley district occurs below the Vanport limestone. 
This coal usually lies directly on, or a very few feet above, the Home- 
wood sandstone. Where the two sections given on pages 41^2 were 
measured, it may be below the lowest member shown and hence not 
appear in the section. This coal is regarded as the equivalent of the 
main workable bed on the headwaters of Cat Creek, and as it probably 
attains its maximum development in that region and is generally 
known in this part of Kentucky as the Cat Creek bed, it will be called 
in this report the Cat Creek coal. Crandall, in his general section of 
this part of Kentucky, has placed No. 5 coal, to which he gives the 
names Cooksey Fork and Pennington coal,*' as the first below the hori- 
zon of the Vanport limestone, and therefore it appears probable that 
Crandall's No. 5 or Cooksey Fork coal is the same as the Cat Creek 
bed of this report. Crandall states that this coal occurs 30 to 40 feet 
below the limestone ore, referring to the ore associated with the Van- 
port limestone. This distance is rather large for the region about the 
head of Cat Creek. 

Extent and development. — About Louisa the presence of this coal 
is nearly always indicated by a bloom. Its position above the Home- 
v^ood sandstone is best seen in the gorge of Lick Creek near its mouth, 
and on the Lick Creek pike. About 2\ miles southwest of Louisa it 
has been opened by Mordecai Wilson, but the bank is now fallen shut 
Near Osie coal has been dug, but the bed is reported to be thin. In 
West Virginia, south of Cassville, this coal is usually present, but is 
thin and, as on the Kentucky side, is very rarely worked. A short 
distance south of Louisa it is below the flood plain. In the imme- 
diate valley of Big Sandy and its tributaries to the south it will prob- 
ably not prove workable over any considerable area. 

This coal is the most important bed on the headwaters of Cat Creek, 
and there and to the west on the headwaters of Cherokee Creek 
and Dry Fork it attains its maximum thickness in this quadrangle. 
Further descriptions and an analysis of it are given in connection 
with the mention of its occurrence on Cherokee Creek (p. 103). At 
the headwaters of Cat Creek it has not been developed on a com- 
mercial scale, owing to remoteness from transportation. The extent 
of its outcrop in this locality is limited, as the northward dips 
carry it below drainage level near the mouth of Thompson Fork. 
On the map its outcrop line in the valley of Cat Creek is practically 
coincident with the red line which indicates the horizon of the 
Vanport limestone and its clay. It has been opened by Andrew 

• Report on the eastern coa> flejd : Kentucky Geol. Survey, vol. C, p. 19, 1884. pL 1. 
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Webb, Andrew Cooksey, and W. H. Moore, and at Moore's bank the 
following section was measured : 

Section of Cat Creek coal bed at hank of W. H, Moore, 

Shale, black. inches. 

Coal li 

Bone 4i 

Coal 17i 

Bone i 

Coal 24 

48 

A thickness of 4 feet 10 inches to 5 feet is reported from other 
country banks in the immediate vicinity. In some places, at least, 
this coal is sufficiently thick and free from impurities to make it 
valuable, but in other places it is so badly split up by impure part- 
ings that it will have little valu^ except for country trade. The 
following two sections illustrate this impure phase: 

Sections of Cat Creek coal bed. 

Inches. 

Shale, black, containing small stringers of coal 1 

Coal li 

Shale, black 4 

Coal 5 

Shale, black 12 

Coal and shale 4 

Coal 4i 

Bone 1 

Coal 9 

42 

Shale, black. 

Coal 4 

Shale, black 19 

Coal 2 

Bone 1 

Coal 1 

Bone i 

Coal 8 

Bone or coal-- ^_ __ ^ i 

Coal n 

Clay. 

The fact that it has a good section on Cat Creek and shows well 
on Cherokee Creek is sufficient evidence that this coal bed is well 
worth careful attention. It should be prospected with a diamond drill 
in the intermediate territory before actual operations on it are begim. 

47008—08 4 ^ . 
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Character. — The Cat Creek coal is of excellent quality and when 
not badly split up gives much satisfaction as a domestic fuel, being 
hauled many miles into the surrounding country. 

POTTSVILLE COALS. 
LICK CREEK (NO. 4). 

Extent and development. — The highest coal in the Pottsville is 
from 55 to 75 feet above the Torchlight bed. It is locally known as 
the " 5-foot vein " but is sometimes called the " Big vein " and 
probably corresponds with coal No. 4 of the Kentucky Survey. Its 
maximum development is in the hills east of Lick Creek and between 
Lick Creek and Levisa Fork, and it may be conveniently designated, 
therefore, the Lick Creelc coal. From the fact that it overlies the 
Torchlight bed it occurs over a smaller territory above drainage level, 
and is not found as far south in the hills as the Torchlight Though 
locally thicker than the coal below, it will probably not be found 
so persistent and uniform. It has been prospected by the Torch- 
light Coal Company between Threemile Creek and Levisa Fork, where 
it proves to be of workable thickness, and in this region it is about 
60 feet above the Torchlight bed. East of Threemile Creek, prospects 
have been opened on it on Donithon Branch, where it is also work- 
able. In West Virginia the coal at this horizon does not appear to 
be of workable thickness ; at least no openings were observed on it 
West of Lick Creek the horizon is marked by a coal bloom or smut, 
but in no place has it been found sufficiently thick to work profitably 
except for local purposes. It has been worked for family use at one 
or two points on San Branch near Irad and also one-fourth of a mile 
below the point where Little Blaine Creek enters Big Blaine. So far 
as known the coal has never been worked on a commercial scale in 
Big Sandy Valley. In this district the most promising field in which 
to prospect for this coal is in the hills along Levisa and Tug forks, 
south of Torchlight. 

Character. — Sections obtained from this bed are shown in fig. 5. 
The section obtained at the head of Lower Gavitt Creek on the prop- 
erty of the Torchlight Coal Company differs slrikingly from the 
remaining three, obtained from test drifts of the Louisa Coal Com- 
pany in the hills between Lick Creek and Levisa Fork, just west of 
Torchlight. The upper 20 inches of the coal on Lower Gavitt Creek 
appear to be much broken up. The lower benches, which average 
about 19 or 20 inches, are separated by a small clay parting. In 
places the upper bench consists of clean coal, giving the three benches 
as in the Torchlight bed. The coal is also reported with three 
benches on the headwaters of Donithon Creek, but here the upper 
bench is slightly thicker than either of the two lower. The section 
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measured by C. M. Weld for the Torchlight Coal Company shows 
this character as follows : 

Section of Lick Creek coal hed at the head of Ox Hollow, Donithon Creek. 

Inches. 

Coal 25i 

Parting 51 

Ckml ^ 18 

Parting -^ 1 2i 

Coal 12 

63) 
f 2 3 4 _5 _6_ 



10 



1? 



Fio. 5. — Sections of higher Pottsville coals in Big Sandy Valley district Lick Creek 
coal (Kentucky No. 4): 1, Torchlight Coal Company, Lower Gavltt Creek; 2, 3, 4, 
Louisa Coal Company, between Lick Creek and I^vlsa Fork. Torchlight coal (Ken- 
tucky No. 3) : 5, Torchlight Coal Company, head of Lower Qavitt Creek ; 6, mine of 
Torchlight Coal Company: 7, Threemlle Creek; 8, Andrew New, opposite (west of) 
Torchlight; 9, opening north of No. 8; 10, Henry Cochrane, Lick Creek; 11, Left Fork 
Uttle Blaine Creek; 12, Right Fork Little Blaine Creek; 13, Kelly Frailey, Right Fork 
Little Blaine Creek; 14, Andrew Hayes, Right Fork Little Blaine Creek. Scale, 1 
inchs—5 feet 

In the hills along Threemile Creek this coal will probably average 
between 3 and 4 feet. 

West of Levisa Fork, on the property of the Louisa Coal Company, 
this coal thickens, as will be seen from fig. 5, sections 2, 3, and 4. In 
general the coal in this vicinity is irregular, but consists, where ob- 
served, of two main benches separated by a clay parting varying 
from a few inches to 5 feet. The coal south of the prospect pits of 
this company is reputed to be very irregular and of poor quality, l^ut 
these statements can not be corroborated by the writef,' as ^nothing was 
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seen of it at any point. West of Lick Creek, about one-half mile 
above the mouth of Rhubens Branch, the coal measures about 2 feet 
on the outcrop in a well-exposed section showing the top of the Potts- 
ville and the Allegheny, as follows: 

Section on Rhubens Branch, 

Hilltop. Ft In. 

Shale, red ^ 30 

Sandstone ^ 20 

Shale, red 20-25 

Bench. 

Sandstone, shaly 18 

Shale, sandy 16 

Sandstone, shaly 6 

Shale, light olive ___' 7 

Clay, white 1 

Soil, ferruginous clayey 30 

Shale, sandy 9 

Sandstone, coarse, yellow, massive 15 

Shale 1 10 

Clay 5 

Shale 5 

Clay with iron-ore nodules 5 

Shale, black (coal?) 2-3 

Shale, gray 10 

Coal 2 

Shale, drab 7 

Shale, purple 5 

Sandstone 8 

Coal No, 5 12 

Sandstone, laminated 15 

Coal Xo. Jf (Lick Creek coal) 24 

Sandstone, massive 25dt 

Coal No, 3, 
Sandstone, massive. 

This section indicates the erratic character of the Allegheny and 
shows how difficult it is to locate its exact upper boundary. 

The massive sandstone at Busseyville marks the top of the Potts- 
ville formation. This sandstone rises in the direction of the forks of 
Little Blaine Creek, and a short distance below the residence of L. D. 
Pigg the coal appears above drainage level and has been opened about 
15 feet above the road to the left. A short distance beyond the same 
coal shows a section as follows at F. R. Bussey's bank: 

i^cclion of coal hcd at F, R, Bussey's hank, near Busseyville, 
Sandstone, massive. Inches. 

Coal and black shale 30 

Sandstone lentils, sometimes absent „ 2 

Shale and bone 10 

Coal 5 

Shale, drab fissile 22 

Coal 15, 

Bone ^Qjaitize^.b^LaPOglC 
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Inches. 

Coal 2 

Bone 2 

Coal 15+ 

About 60 feet below this coal, at road level, is the bloom of another 
and lower coal, which has been opened by L. D. Pigg in the hill to the 
west. This coal has a section as follows : 

Section of coal bed opened hy L, D. Pigg near Busseyville. 

Inches. 

Llmonlte, nodular 4 

Shale 10 

Bone 3 

Coal 4 

Shale 1 19 

Bone 4 

Coal 7 

These coals are believed to be above the true Torchlight coal, which 
shows as a bloom at the road corner at the confluence of Left and 
Right forks of Little Blaine Creek. It is possible that one of these 
two beds represents the Lick Creek coal and that the other may rep- 
resent a new bed in the section. It is also possible that these coals 
may represent the two benches of the Lick Creek coal, the parting of 
5 feet of clay in the region east of Lick Creek having expanded to 60 
feet farther west. The data on this point are not sufficient to make 
it absolutely certain that these two beds represent the two benches of 
the Lick Creek bed, but the writer is inclined to this view. Neither 
of the two coals, where seen outcropping, is of commercial importance. 

Where the Lick Creek coal is of workable thickness it is of a bright, 
hard, bituminous variety, with occasional bands of splint or semi- 
cannel coal. The upper of the two lower benches appears to be the 
more uniform, but in places the lower may probably be worked with 
it. Locally, however, it is badly split by bony partings. At many 
points between Levisa Fork and Tug Fork all three benches may be 
worked if sufficient care is exercised in separating the clay and bone 
partings. As a rule the roof of this coal is formed by shale, but in 
some places the base of the massive Homewood sandstone extends 
down practically to its top. The following analyses indicate the 
character of this coal : 

Analyses of Lick Creek coal. 



Moisture 6.00 

Volatile matter -- | 32.40 



0.97 
32.70 



Fixed carbon -— i 67.40 i 65.69 

Ash -' 4.20 ' 9.58 

Sulphur - - — I .049 I 1.05 

1. Famished by J. U. Northup, of Louisa, Ky., from a sample collected at the head of 
Donithon Creek. 

2. Furnished by A. C. Collins, of the Louisa Coal Company. Otto Wuth, analyst. 
Sulphur Is included in the total. - o 
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The foregoing analyses show a good coal of the bituminous grade, 
corresponding favorably with much of the Pittsburg coal of western 
Pennsylvania. It contains a rather higher percentage of volatile 
matter and correspondingly lower fixed carbon. On account of its 
hard and somewhat splinty character it will bear transportation and 
stocking well. It is doubtful whether it will prove to be a good 
coking coal, but experiments with regard to this point have not been 
made. 

TOBCHLIGHT COAL (NO. 3). 

Name. — ^The next lower workable coal in the Pottsville group is 
perhaps the most important of all the beds thus far developed on the 
upper waters of Big Sandy River and its tributaries in this quad- 
rangle. In the Kentucky reports this coal is known as No. 3, or 
McHenry coal, the latter being the name of the property on which 
the coal was first worked on any marked scale. In this description 
it will be referred to as the Torchlight bed, from the fact that the 
Torchlight Coal Company has worked it more extensively than any 
other company at Torchlight, on the Chesapeake and Ohio Railway 
6 miles south of Louisa, and opposite the old McHenry property on 
the west side of Levisa Fork. It is locally known also as the " Checi 
House vein." It corresponds to the Lower Mercer coal of Penn- 
sylvania. 

Extent. — The Torchlight coal first appears above drainage level 
on Threemile Creek near the Threemile schoolhouse, and is reported 
on Levisa Fork near the bed of the creek just north of the railroad 
bridge at Walbridge. It is probably present in all the hills south of 
these points in the territory included between Tug and Levisa forks 
and also in West Virginia. East of Threemile Creek, however, it 
does not seem to have been extensively prospected and little seems to 
be known about it. In the hills between Threemile Creek and Levisa 
Fork it has been fairly well prospected, and this is also true of the 
territory lying between Levisa Fork and Lick Creek to the west. It 
is present in the hills along Left and Right forks of Little Blaine 
Creek, but owing to northward dips disappears below drainage level 
a short distance north of the confluence of these two forks. A refer- 
ence to the map (PI. I) will show the outcrop of this bed so far as 
it is known to be of workable thickness. 

Develojmient.'—rThis coal was first opened at McHenry's bank, on 
the west side of Levisa Fork opposite Torchlight. Since then it has 
been developed on a commercial scale by the Torchlight Coal CJom- 
pany at Torchlight. During the summer of 1905 the mine was 
closed, but it started up again in the following spring. In the hills 
west of Levisa Fork this coal has been faced in several places by 
the Louisa Coal Company to ascertain its possibilities. It has also 
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been opened by Andrew New and others northwest of Torchlight. 
On Lick Creek several small country banks have been opened and a 
small amount of coal has been removed for the country trade by 
Eichard Childers, Henry Cochrane, and others. On Left Fork of 
Little Blaine Creek this coal appears to have a section similar to that 
in the region about Torchlight. It has been opened at a few places 
along this creek a short distance south of its confluence with Right 
Fork. 

Along the pike east of Adams it is found well up in the hills on 
the south side of the creek and near road level on the north side, 
owing to the steep dips.. It has been opened in this region by Kelly 
Frailey, Andy Hayes, and others. It is possible that the coal opened 
by James Adams west of Adams corresponds to the Torchlight bed. 
Character. — ^Ten sections of the Torchlight coal are represented 
in fig. 5. It will be seen from these sections that the coal bed is 
somewhat variable. In places it occurs as a single bench, as at the 
bank of Richard Childers, on Lick Creek, where 37 inches of clean 
coal were measured, but usually it consists of two or three benches. 
As a rule a clay parting separates the top benches. This clay. part- 
ing is in general of knife-edge thinness (sections 5, 6, 8, 9, 11, fig. 5), 
and is, perhaps, entirely cut out in some places, as at the Henry 
Cochrane and Kelly Frailey banks (sections 10, 13, fig. 5), on Right 
Fork of Little Blaine Creek. It rarely attains a thickness of an 
inch, though in exceptional cases it may exceed this measurement, 
as at an opening of the Torchlight Coal Company on Threemile 
Creek, where a parting of 3 inches was measured (section 7, fig. 5). 
The third or lowest bench ranges from less than 6^ to over 14 inches 
in thickness. It is separated from the middle bench by a persistent 
bone parting averaging 3 to 4 inches. 

The coal in this bed is of both the splinty and the soft bituminous 
varieties. The top bench above the clay parting is usually soft; the 
middle bench, though generally of soft, lustrous bituminous coal, in 
many places contains hard, splinty layers and is therefore slightly 
harder. The lowest bench is as a rule of hard, dull, splinty coal, and 
serves as an excellent base for pillars in mine working. This bench 
is also drilled before shooting. In mining, all three benches may be 
worked and the bone or " niggerhead " between the two lower benches 
removed by hand picking. The roof of the coal bed varies. It is 
in some places shale and in others massive sandstone. The shale, 
where present, ranges in thickness from a few feet up to 15 feet, 
more or less, and sometimes gives much trouble in mining. The 
roof of the coal, where it is composed of shale, has to be carefully 
watched and rather heavily timbered to avoid falling and "creep- 
ing." On this account mining with a shale roof is attended with 
more danger and expense than where the coal is overlam by sand- 
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stone. Above the layer of shale there is usually a very massive 
sandstone of varying thickness, whiq^ serves as one means of identi- 
fying this bed. 

Below the lowermost worked bench there are in many places one 
or two smaller benches of coal separated from the main bed by a 
fire clay or bone parting (sections 6 and 7, fig. 5). These are never 
mined. The true floor of the coal, as a rule, is clay. A few analyses 
of this coal are as follows : 

Analyses of Torchlight coal. 





1. 


• 2. 


3. 


4. 


5. 


Moisture 

Volatile matter _ 


4.60 

35.70 

6S.28 

6.42 

1.08 


2.86 

37.49 
40.85 
18.80 
1.11 


2.10 
35.93 
37.79 
24.16 

1.77 


1.90 
35.47 
35.86 
26.27 

1.22 


1.28 
33.81 


Fixed carbon 


53 S7 


Ash...... 


8.40 


Sulphur _ 


1 18 







1. Sample from McIIenry's coal bank, Lawrence County, Ky. Report on the eastern 
coal Held : Kentucky (Jeol. Survey, vol. C. p. 18. Robert Peter and Mr. Talbut, analyst 9. 

2. Torchlight Coal Company's mine, second entry. Ricketts & Banks, analysts. 

3. Torchlight Coal Company's property on Lower Gavltt Creek. Ricketts & Banks, 
analysts. 

4. Torchlight Coal Company, Fivemlle Shoal. Ricketts & Banks, analysts. 

5. Crop coal from hill between Levisa Fork and Lick Creek property of the Lonlsa 
Coal Company. Otto Wuth, analyst. Sulphur is included in the total. 

From these analyses it will be seen that the volatile matter aver- 
ages about 35 per cent and the fixed carbon approximately 45 per 
cent. The ash and sulphur are comparatively high, especially in the 
samples analyzed by Ricketts & Banks for the Torchlight Coal Com- 
pany. The lower and dirty benches were probably included in the 
samples analyzed by this firm, but in the mining of the three upper 
benches this material would probably serve as a floor; or, if it were 
found necessary to remove it, it could be picked out and gobbed, and 
the main and clean benches shot down from above. The main 
benches would yield from 2^ to 4 feet of fairly clean coal; on an 
average, perhaps about 3 feet. With this figure as an average, the 
yield per acre may be conservatively placed at 3,500 tons. From 
the sections of the coal given in fig. 5, it will be seen that the danger 
of introducing unduly large amounts of ash into this coal during 
the course of actual mining is very great, and the amounts of ash 
represented in analyses 1 and 5 are perhaps below what would be 
found in practice. If the entire bed— that is, the three main top 
benches — is to be mined and successfully marketed, pains must be 
taken to eliminate the bone and clay where they are of abnormal 
thickness. This may be accomplished either by hand picking — a 
slow, tedious method and one which in the hands of miners is liable 
to lead to injury both to the reputation of the company and to the 
coal — or by washing. The expense of the latter operation ought not 
to exceed from 5 to 7 cents per resulting ton of coal. In no case 
would it appear advisable to mine any coal below the lower splint 
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LOWEB COALS. 

Extent, — The lowest coals developed in this district are those 
nearest its southern edge, as the rise of the beds to the south brings 
up successively lower horizons toward the southern edge of the quad- 
rangle. Certainly the lowest exposed coal beds in the entire quad- 
rangle occur in the section southwest of Gallup. As will be seen from 
the section of the Pottsville formation on pages 38-39, and from 
the sections on PL IV (p. 28), four small coals are found below the 
Sharon sandstone. None of these coals has ever been worked in this 
quadrangle, though one of them measures 24 inches at one point. 
Between the Sharon and the next massive sandstone above is about 
50 feet of shale with two small coal beds. The highest of these 
coals has been worked near a sharp bend in the railroad track south 
of Torchlight. Where measured on the outcrop this coal is 16 
inches thick. The sandstone above it was formerly, though prob- 
ably erroneously, correlated with the Sharon sandstone seen on Ever- 
man Creek. About 2 miles south of Torchlight there is at this hori- 
zon 100 feet of almost continuous sandy beds with two slight breaks 
near the middle. Above this massive member are several small coal 
beds in an interval of 30 to 35 feet. A detailed section of this group of 
coals, measured near the mouth of Lower Gavitt Creek, below Torch- 
light, is as follows : . 

Section of coals at the mouth of Lower Oavitt Creek, Lawrence County, Ky. 

Ft. In. 

Shale, black, and clay 2 2 

Coal ] f 1. 7 

Parting-. ** Little Cannel " > I 

Coal J [ 2 

Sandstone, laminated 10 

Coal 1 

Shale, sandy, or fire clay 2-3 8 

Coal 2 5 

Shale 2 5 

Coal 3 

Shale, drab to dark 2 

Coal 1 8 

Shale, black, and fire clay 2 3 

Slate, black, and bone. 

Fire clay 3 

Bed of creek. 



The uppermost of these coals is workable over a considerable area 
in the southeast corner of the quadrangle and may be looked for at a 
distance of about 140 feet below the Torchlight coal. It is present 
in the hills along Levisa Fork and Threemile Creek, gradually rising 
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from railroad level at the mouth of Lower Gavitt Creek, just be- 
low Torchlight station. West of Levisa Fork this coal appears 
above drainage level near the head of Lick Creek, the group of coal 
blooms in which the " Little Cannel " belongs appearing near the 
sunmiit of the ridge in the road at the head of Lick Creek. The 
character of the coal in this vicinity could not be determined, owing 
to the fact that it has not been opened, but west of the Left Fork of 
Little Blaine it has been opened in a few places near the level of the 
creek and is of workable thickness, though badly split up by bone and 
fire-clay partings. 

On Right Fork of Little Blaine the lithologic succession is not so 
characteristic as to the eastward. Near Adams a massive sandstone 
appears above the bed of the creek an^ rises gradually to the south up 
the creek. On the hill southeast of Adams a distinct coal blossom 
may be seen close to the top of this sandstone with the sh€de above 
it. The sandstone underlying this coal may be traced with hardly a 
break up the creek, and about three- fourths of a mile south of Adams 
the coal directly above it is worked. Instead of being overlain by 
shale, as at Adams, it is now capped by a very massive sandstone, and 
the coal, as nearly as can be estimated, is about 110 feet below the 
Torchlight bed, and is Regarded tentatively as of the "Little Can- 
nel " group, though it may be higher. 

Development. — The " Little Cannel " coal has been opened near the 
head of Threemile Creek and at one time was mined and shipped from 
this locality over the old Chatteroi Railroad. About 5,000 tons are 
reported to have been shipped before the road's alignment was changed 
to its present location along Levisa Fork. Operations ceased as a 
result of the financial panic in 1893, and since then nothing on a 
commercial scale has been attempted. 

A short distance south of Torchlight the coal has been worked on 
a small scale and a few hundred tons have been removed, under 
lease from the Torchlight Coal Company. There are small openings 
north of the station and in the hills on the west side of the fork. 
Developments on Left and Right forks of Little Blaine Creek are 
of local importance only and supply the country trade. Though this 
coal is above drainage level along the headwaters of Rich Creek, it 
does not seem to be of sufficient thickness to justify opening it on 
even a small scale. 

Character, — This bed of coal is known as the " Little Cannel " bed 
about Torchlight for the reason that it contains near the middle of its 
upper bench a thin band of coal with enough volatile'matter to place it 
among the cannel coals. Sections obtained near Torchlight (sections 
1 and 2, fig. 6) show this coal to vary from a thickness of 19^ indies 
north of the tipple to 2 or 2J feet south of the tipple of the Torch- 
light Coal Company. This coal is split into two benches with a part- 
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ing of one-half to 1 inch of clay near the bottom. The cannel layer is 
not shown in the sections given in fig. 6, but occurs near the middle 
of the upper bench and ranges from 3 to 6 inches in thickness. It 
resembles splint coal rather than true cannel. Perhaps the chief value 
of this bed in the future will result from this band of cannel. Four 
indbes of cannel to 2 feet of coal may be taken as a conservative aver- 
age of the two grades of coal in this bed. On this basis it comprises 
one-sixth of the total coal and would yield about 483 tons per acre, 
assuming the specific gravity of 1.194 determined by Mr. Hislop. It 
separates fairly readily from the bituminous coal above and below 
and breaks out in large blocks. 

The coal, as a whole, is moderately lustrous, with yellowish brown 
streaks. The cleavage is laminated with cross fracture, angular to 



1 




2 



Fio. 6. — Sections of lower Pottsville coals in Big Sandy district. 1, " Little Cannel " 
coal, north of Torchlight ; 2, " Little Cannel *' coal, south of Torchlight ; 3, Hiram 
Blackburn, Left Fork Little Blaine Creek; 4, John R. Pack, Right Fork Little Blaine 
Creek; 5, Mary Hayes. Right Fork Little Blaine Creek; 6, E. G. Mclnster, Right Fork 
Little Blaine Creek. Scale, 1 inch » 5 feet. 

subconchoidal. On the fire it intumesces and agglomerates. Analyses 
are as follows: 

Analyses of '* Little Cannel" coal from Levisa Fork. 



"Water 

Volatile matter.. 

T»lxed carbon 

Ash 

Sulphur 



2.25 
54.85 



2.06 
.50 



2.70 
45.61 
47.17 

3.00 



1. Department of mines and metallurgy, World's Columbian Exposition, analyst. 

2. George R. Hislop, Paisley Gas Works, analyst. 

Greorge R. Hislop, of the Paisley Gas Works, who has made a 
rather exhaustive test of this coal and has also studied the resulting 
^ses, reports. that " this is an excellent cannel coal. It is easily dis- 
tilled, yields a large volume of 34.20 candle gas, and affords at the 
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same time 10.25 hundredweight per ton of excellent residual coke. 
The foul gas contains a moderate percentage of impurities. Com- 
pared with main Lesmahagow cannel coal taken as 100, calculated on 
the basis of 13,000 cubic feet of gas and 1,535.5 pounds of sperm per 
ton, and having regard for the secondary products and the cost of 
purification of the gas, this coal is equal to 107.48." * 

TRANSPORTATION FACILITIES. 

Transportation facilities in the Big Sandy Valley district are fur- 
nished at present by the Chesapeake and Ohio Railway along Levisa 
Fork in Kentucky and by the recently completed Norfolk and Wes- 
tern Railway along Tug Fork in West Virginia. The line of the 
Chesapeake and Ohio Railway was formerly up Threemile Creek 
after crossing Levisa Fork at Walbridge, and the roadbed of this 
old line, from which the steel was removed about fifteen years ago, 
is still in fair condition for a spur track from the main line at Wal- 
bridge, should the developments on Threemile Creek warrant its con- 
struction. In addition much of the Big Sandy region is readily 
accessible by water. The improvements along the river projected 
by the Federal Government, which are now partly completed, are 
expected to provide navigable depths many miles south of the limits 
of this quadrangle and to provide a navigable season through the 
entire year instead of six months, which is now the average. The 
facilities for cheap transportation that will be offered when these 
improvements are completed are so obvious as to need no comment 
here.^ 

CHESAPEAKE AND OHIO RAILWAY DISTBICT. 
EXTENT. 

The district tributary to the Chesapeake and Ohio Railway in- 
cludes nearly the whole of Boyd County, together with small parts of 
Greenup, Carter, and Lawrence counties, Ky. Its eastern boundan' 
has already been described as the ridge separating the waters of 
Big Sandy and East Fork. The ridge separating the waters of 
Little Sandy River and East Fork of Little Sandy has been chosen 
as its western boundary. On the south it is limited by the ridge 
south of Straight Creek and the headwaters of East Fork. This 
district includes all the operations along the Ashland Coal and Iron 
Railway as far south as Straight Creek. 

« Compare other cannel coals on pp, 88-02. 

^ Soo Survey of Hlg Sandy River, West Virginia and Kentucky, including Levisa and 
Tug Forks : House Doc. No. 326, 56th Cong., 1st sess. 
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GEOLOGY. 

The rocks in this district are comprised in the Pottsville, Alle- 
gheny, and Conemaugh formations. The highest beds belong, to 
the Conemaugh. This formation is not represented in its entwfety 
at any point west of Big Sandy River, so far as known. The east- 
ward dips which cause the lower beds to cover most of the surface 
west of the Ashland Coal and Iron Railway bring the Conemaugh 
beds lower and lower in the hills toward Big Sandy River. They 
are the only surface rocks in the southeastern part of this district, 
where they have a thickness of 300 to 400 feet. At the base of this 
formation is a rather massive sandstone, well shown west of Alley 
in the hills bordering Pigeonroost Creek. Above the sandstone, at 
varying distances, but rarely exceeding 40 feet and usually less, 
occurs a fossiliferous limestone, one of the Cambridge beds, which 
is closely overlain by another massive sandstone. Thus the loWer 
hundred feet of the formation is usually sandy and is accordingly 
comparable with the lower part of the Conemaugh at the mouth 
of Big Sandy River. Though here and there the upper part of the 
formation contains massive sandstone, it is shaly for the most part, 
the shales being reddish and purplish, with local green layers. Many 
of these shaly members would be of value were they situated near 
lines of transportation. No commercial coals are known in this 
formation. 

The Allegheny formation in this district has a thickness aver- 
aging from nearly 180 to 200 feet. The general section (PL IV, 
p. 28) illustrates well the number and relations of the coal and clay 
beds in this formation.. About Ashland its basal portion is very 
sandy and comparable with the lower part of the Allegheny in Ohio. 
(See section, pp. 30-31.) Farther south the massive phase of the 
sandstone, at least above the Winslow coal bed, seems to change to a 
more thinly bedded or shaly sandstone, the remainder of the interval 
between the Winslow and Coalton coals being shaly. The Coalton 
coal is usually overlain by a massive sandstone above which is a thin 
red or purple shale bed, well exposed on the county road east of 
Summit. From the top of the sandstone overlying the Coalton coal 
to the base of the Mahoning sandstone the beds are prevailingly shaly 
in character, and include the Hatcher and Zelda coal beds. 

The materials of most economic importance in this group of rocks 
are coal, fire clay, and iron ore. In most places the valuable coal beds 
are confined to the lower half of the formation, but in a few localities 
the higher coals are workable. Not more than three distinct work- 
able coal beds were seen, and in most places only two coals are of 
workable thickness. A valuable bed of fire clay occurs well toward 
the base of the formation associated with the Vanport C:^ Hanging 
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Rock ") limestone, and this limestone is overlain in many places by a 
bed of iron ore, which in the early seventies was greatly esteemed and 
extensively mined by stripping. Between the Winslow and Coalton 
coal beds, about 20 to 25 feet above the latter, is found a kidney iron 
ore which about thirty years ago was worked to some extent, and 
about 25 feet above the Coalton coal is another horizon of kidney ore. 

In a general way the rocks of this formation cover the surface of 
the district in a zone conforming in trend with the structure con- 
tours — that is, northeast and southwest. West of the Ashland Coal 
and Iron Railway the Allegheny is present in the tops of the hills, 
but east of the railroad the dips cause the formation to occupy a lower 
and lower position in the hills and to disappear well up toward the 
head of East Fork and Straight Creek. In the northwestern part 
of the district they cover most of the surface, but in the southeastern 
part they are entirely below drainage level. 

The lowest beds in this district are exposed along East Fork of 
Little Sandy River, in the northwestern part of the district. Here 
are Pottsville rocks at least 260 feet thick. To the east, approaching 
the center of the basin, the Pottsville gradually descends below 
drainage level, and except along Ohio River the territory covered by 
it east of the Ashland Coal and Iron Railway is very small. West 
of the Ashland Coal and Iron Railway, in the hills dividing Little 
Sandy from East Fork the Pottsville reaches well up to the hilltops, 
and its rocks are conspicuous on the surface. The formation is pre- 
vailingly sandy, but perhaps not quite so much as in the region along 
Tug and Levisa forks. The top member, the Homewood sandstone, 
maintains its usual prominence in most parts of this district. Along 
Ohio River near Ashland, and to the southeast, near Cliffside Park, 
this member is unusually massive, attaining in some places a thickness 
of 75 feet. It is a question whether all this sandstone is really of 
Homewood age, for west of Ashland it apparently forms one massive 
cliff reaching to the base of the fire clay at the horizon of the Vanport 
(" Hanging Rock ") limestone. It is quite possible, therefore, that 
the upper part of this member may be of Allegheny and not Potts- 
ville age. Though the Homewood sandstone in this district is gen- 
erally massive, south of Princess and near Coalton and Rush it 
dwindles to a shaly sandstone, never exceeding and rarely reaching 
a thickness of 10 feet. Taken as a whole, it is, however, the most 
prominent bed in the Pottsville in this district. The underlying beds 
are prevailingly sandy, chiefly sandy shales and shaly sandstones, 
becoming in places prominent cliff makers. 

The number of coal beds in these rocks is not definitely known. It 
is probable that there are more than have heretofore been recognized. 
Near Princess tunnel, for instance, a section was measured from the 
road corner near the store of the Princess Laud and Mining Company 
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to the highest exposed rock above the tunnel, and in this section four 
coal beds showed within a distance of 70 feet below the top of the 
Homewood sandstone. On the road ascending the hill, a few rods 
northwest, G. H. Ashley measured another section to the top of the 
hill, which showed the coal beds at the top of the Pottsville and also 
some of those in the Allegheny. This section is as follows : 

Section near Princess tunnel. 

Top of hill. Ft. In. 

Sandstone, shaly 8 

Sandstone, shaly, calcareous 2 

Shale, olive 6 

Sandstone, hard 1 2 

Shale, olive 6 

Streak of dark shale. 

Clay, drab 2 

Iron ore 1 

Shale, olive 6 

Coal (No. 8) 2+ 

Clay, light drab 2 

Shale, olive, and sandstone 12 

Shale, olive _- 12 

Iron-ore nodules . 8 

Clay, drab, or shale 4 

Sandstone, olive, shaly 7 

Coal (No. 7) 1 3 

Shale, drab 3 

Shale, sandy, and shaly sandstone 15 

Iron ore, red j , 6 - 

Shale, olive 5 

Sandstone, hard massive 15 

Coal -. 1 9 

Clay, drab 3 

Coal \ 

Clay, drab flint 6 

Clay, black carbonaceous flint 0-2 

day, light drab, sandy at base 7 

Sandstone, green and white, fine-grained (Home-wood — 

top of Pottsville) - 8 

Shale, olive, and fire clay 4 

Iron ore 6 

Shale, drab C 

Coal 5 

Clay 2 

Coal 5 

Clay, light drab 1 3 

Shale, dark drab 6 

Clay, dark drab to black 1 

Clay, drab 2 

Sandstone, thin-bedded, shaly i 12 

Shale, sandy ^ 5 

Coal . , ,— . IJ 
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Ft, In. 

Shale, reddish brown 1-4 

Coal 2 

Flinty lentil 0-2 

Coal 1 

Clay ^ 

Coal 6 

Fire clay, light drab, sandy 4 

Coal 5 

Clay 1 

Coal 3 

Shale, sandy and drab fire clay 6 

Shal?, sandy 12 

Sandstone 1 15 

The following section, compiled from barometric measurements 
along the northern edge of the area from Argillite eastward to 
Hood Creek, gives a general idea of the character of the Pottsville 
rocks and shows also the position of the workable coals: 

Section from Argillite to Hood Creek, 

Ft In. 

Sandstone, Homewood 30 

Coalf workable in places. 

Sandstone, shaly 20-^0 

Coal. 

Sandstone 6 

Coal 2-3 

'Sandstone 6 

Coal (No. 3), workable in places. 

Sandstone, massive 10 

Concealed 15dt 

Coal 5 

Fire clay 4 8 

Shale and massive sandstone 35 

Coaly workable. 

Probably sandy 50 

Coal 4 

Sandstone, shaly 20 

Concealed 10 

Shale, black, and fire clay 10 

Concealed 10±: 

Sandstone, massive 10 

Concealed 10± 

Sandstone, massive 10 

On Catletts Creek and in the eastern part of Ashland there is an 
important bed of fire clay underlying the Homewood sandstone. 
Formerly the iron ore in this formation in this district was of consid- 
erable economic importance, notably the bed occurring 30 to 40 feet 
above the Danleyton coal, called by P. N. Moore "the main block 
ore." « None of the beds of iron ore of this formation are now worked. 

• Report on the eastern coal field : Kentucky Geol. Survey, vol. C, 1884, pp 133-138. 
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THE CX)ALS. 
▲LLEGHEIIT C0AI8. 

UPPER COALS. 

The highest coal bed that has been worked in this district cor- 
responds with coal No. 9 or the Upper Freeport coal of the Ohio 
section and with the Zelda coal in the Big Sandy Valley. It is not 
of sufficient thickness to be of any practical importance. It has been 
opened by Albert Baldridge near the mouth of Gamer Creek and is 
reported to be 18 to 20 inches thick. In the road 20 feet below is 
the bloom of a lower bed, probably the Hatcher coal, which is not of 
workable thickness here. 

^OOALTON COAL (NO. 7). 

Name. — ^The highest important bed in this district is the Coalton 
coal, or No. 7 of the Kentucky reports, known also as the Sheridan and 
as the Ashland *» coal, though the latter term is not used much in 
northeastern Kentucky. In southern Ohio this is considered the most 
important of all the coal beds and is known under a variety of names, 
according to the location where it is developed, and shows a com- 
mercial thickness. Its most common names are derived from the 
mining centers Nelsonville and Straitsville, along the Marietta and 
Cincinnati Railroad. It is also known as the Carbondale or Mineral 
City coal, and in Gallia and Lawrence counties the name Sheridan is 
applied. The name Coalton will be used in this report, for it was 
mined originally at Coalton and was widely known under the name 
of Coalton coal. 

Geologic position. — ^The Coalton coal lies at about the middle of 
the Allegheny formation. As it is the highest workable coal in nearly 
all of the district under consideration, no great difficulty should be 
experienced in identifying it. It lies in most places about 35 to 45 
feet above the next lower bed, the Winslow coal or No. 6 of the Ken- 
tucky Survey, and from 40 to 60 feet below the next higher or 
Hatcher coal. No. 8 of the Kentucky series. It will be found about 
100 feet above the top of the Homewood sandstone where the Alle- 
gheny formation is normally developed and about the same distance 
below the base of the Mahoning sandstone. Below it at a distance 
of 25 feet and above it at almost the same distance there are two 
persistent bands of kidney ore, the lower known as the yellow kidney 
and the upper as the red kidney ore. These ore beds have long been 
used as datum planes from which to determine the position of this 
coal, as they are among the most persistent and reliable ore horizons 
in this region. 



•Ohio Geol. Survey, vol. 3, pt 1, 1878, p. 918. 
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Extent. — ^The outcrop of the coal will be seen from the economic 
map (PL I). Its zone is about 10 miles wide in the northern part 
of the district and follows the structure lines to the southwest, grad- 
ually tapering as it approaches Willard and Webbville. The rise 
of the beds southward and beyond these towns soon carries this bed 
above the hilltops. It is present in all the hills bordering Williams 
Creek and its tributaries, Straight Creek, and East Fork and its 
branches, southeast of Naples. In the Flatwoods area south of Ash- 
land the hills do not rise quite high enough to catch it. Though 
present on Catletts Creek and Keyes Creek, it is doubtful whether it 
is so thick as in the region farther west. Its horizon is also believed 
to be above drainage level on Chadwick Creek. On Gramer Creek it 
has been opened at a few country banks. 

In general the western limits of the Coalton coal outcrop coincide 
with the boundary between Boyd and Greenup counties, and south 
of Greenup County follow the divide, between Little Sandy River 
and East Fork. The points on the various creeks where it descends 
below drainage level toward the Center of the basin are plainly 
shown on PL I. 

Development. — It may be stated that over nearly all of this district 
where any body of the Coalton coal is found in the hills it has either 
been prospected or worked. Southwest of Ashland in the hills border- 
ing Hood Creek it is prospected 40 to 50 feet above the Winslow 
coal. Near Winslow and Summit it has been opened on many farms, 
but very few of the prospects were in good condition in the summer 
of 1905, while the reverse was true of the underlying Winslow. In 
many places the two beds had been opened on the same hillside, but 
the higher coal had usually been abandoned first. This fact may be 
explained in either of two ways. The average country bank is 
worked for a short time, and when the workings extend far into the 
hill and the expense of timbering increases, as well as the danger 
from the roof, the farmer, unless he has an experienced miner dig- 
ging for him, will abandon his bank and open in another place. 
Another explanation is that the lower of the two coals immediately 
southwest of Ashland may be superior for domestic purposes. It 
is a fact that on many of the farms there is only one opening on each 
of these two coal beds and only the lower coal is worked. At Wins- 
low, above the Ashland Coal and Mining Company's No. 8 mine on 
the Winslow coal, the upper or Coalton bed was opened but after- 
ward abandoned. It is reported as too "pockety" to be worked 
with profit. 

This coal bed has been opened at many points on Shope Creek 
near Clinton furnace. It disappears below drainage level at the 
point where the Catletts Creek road joins the Shope Creek road. 
Along East Fork of Little Sandy it has been opened on numerous 
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farms about Mavity and Cannonsburg. On Gamer, Pigeonroost, 
Fourmile, and both branches of Trace Creek, and, in fact, on all the 
creeks flowing into East Fork, east of the Chesapeake and Ohio Rail- 
way and north of Garner and Alley, many openings have been made 
on this bed. 

The commercial operations naturally have been confined to the 
territory lying close to the Chesapeake and Ohio Railway. With 
the exception of a little work done by the Ashland Iron and Mining 
Company at Winslow,now abandoned, operations on this bed begin 
at Princess and extend as far to the south as Willard. The names 
of companies working the coal at present are given on the margin 
of the economic map (PI. I). With a few exceptions the operations 
are mostly on a small scale. The most important group of mines 
are those belonging to the Ashland Iron and Mining Company, 
situated near Rush, in both Boyd and Carter counties. Some of 
these are worked by the company and others are worked under 
lease. The Straight Creek Mining Company is another large pro- 
ducer, as are also the Princess Land and Mining Company, the East- 
em Kentucky Railroad, John Wurts, and the Adkins Coal Company. 
The remaining operations are small and at the time of the writer's 
visit in 1905 some of them were closed. In some of the mines pil- 
lars were being drawn, indicating a nearly exhausted condition. 
The mines along the Chesapeake and Ohio Railway from Princess 
to Rush have been worked many years and large quantities of coal 
have been shipped. Most of the coal above drainage level and con- 
veniently situated for exploitation has been removed, and the present 
operations are largely remnants of what were once very much larger 
and important mines. In some of the hills the coal is reported as 
completely exhausted. 

Physical aspects. — A series of 25 sections (fig. 7) of the coal bed in 
this district will give a fair idea of the thickness of this bed. It will 
be observed that the coal occurs usually in either two or three benches, 
but in a few places, as at the mines of the Ashland Iron and Mining 
Company on Rush Creek, four benches were observed (section 10). 
Most of the measurements made in this district and to the southwest 
about Willard, Carter County, indicate that more commonly there 
are three benches. These benches are separated by bone or clay 
partings. The upper parting generally ranges from 1 to 5 inches 
and rarely exceeds 1 foot in thickness. In most places the lower 
parting is bone from one-half inch to 2 inches thick. About Rush 
this parting is clayey in character and thin. On Mile Branch the 
thin clay stratum observed above the two benches is of interest as 
pointing to conditions of deposition similar to those observed else- 
where, but changing after this clay was deposited, with the result 
that shale was laid down instead of coal. 
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As a general rule the upper bench is not mined. This is due to two 
or more causes — first, this bench is variable in thickness, and, sec- 
ond, it is liable to contain much sulphur and bone. The latter condi- 

5 6 



&m 



10 



12 



13 



14 



15 




18 19 20 



I 



2! 



22 



24 



25 



Pig. 7. — Sections of Coalton coal (Kentucky No. 7) In Chesapeake and Ohio Eallwij 
district. 1, Hills southwest of Ashland ; 2, near Summit ; 3, Princess Land and 
Mining Company, Princess; 4, Richard Jauchius, east flank of ridge between MsTitr 
and Coalton ; 5, east of Coalton ; 6, Mavity ; 7, 8, W. V. Sexton, head of Pigeonroost 
Creek ; 9, James Sexton, Pigeonroost Creek ; 10, Ashland Iron and Mining: Company, 
head of Rush Creek; 11, 12, George Hull, Rush Creek; 13, John Runyon, North Fork 
Trace Creek ; 14, Equilly Conley, west of Bellefont ; 16, Straight Creek Mining Cam- 
pany, Straight Creek ; 16, W. P. Clay, Straight Creek ; 17, Morning Glory Coal Com- 
pany, Grant ; 18, Alex McAlvin, Cobb Fork ; 19, Norton Branch Coal Company. Sandy 
Shoal mine (Ashley) ; 20, Adkins Coal Company, Rush; 21, Ashland Iron and Mining 
Company, No. 10; 22, Ashland Iron and Mining Company, No. 1; 23, MUe Branch, 
northwest of Kilgore ; 24, Ashland Iron and Mining Company, No. 2 ; 25, MUe Branch, 
1 mile northwest of Kilgore. Scale, 1 inch >» 5 feet. 

tion seems to prevail at the openings about Straight Creek and Den- 
ton. Though it varies greatly from point to point, it^seems ±o be of 
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workable thickness in some localities, as at the George Hull mines on 
Rush Creek (sections 11 and 12, fig. 7). A fair thickness of the upper 
bench was measured in the mine of the Straight Creek Coal Com- 
pany and at the opening worked by W. P. Clay about a mile farther 
north near the Straight Creek Coal Company's tunnel, but in this 
locality the uppyer bench is too heavily impregnated with sulphur to 
be marketable (sections 12, 15, and 16, fig. 7). At the Morning Glory 
Company's mine near. Grant it is of workable thickness but so vari- 
able that little dependence can be placed on it. In this mine 26 inches 
of coal were measured at one point and at others it is not present. A 
similar condition was observed by G. H. Ashley on Mile Branch. 
At most of the other openings visited the upper bench is too thin to 
be worked. The two lower benches are almost always workable, but 
even this statement needs some qualification. For example, a measure- 
ment on this bed in the hills southwest of Summit gave a thickness of 
inches to the upper of these two benches and on Mile Branch two 
measurements by Mr. Ashley show 1 foot of coal at two different 
points. Exceptional thinning was also noted in the main lower bench, 
as indicated by the measurements obtained at the Sandy Shoal mine 
near Rush, where it is only 2 inches thick (section 19, fig. 7). These 
exceptional figures for the two lower benches of this bed do not de- 
stroy the value of the general statement that these benches are 
usually of workable thickness. They are mined together, the bony 
parting being separated by hand. They average very close to 20 
inches each, the lower being usually slightly thicker than the other. 
The two benches range collectively from about 3 feet 3 inches to 4 
feet, a fair figure for the bed as a whole being about 3 feet 6 inches, 
not counting the bony parting. As much as 4 feet 9 inches of coal 
has been seen, though this figure must be regarded as altogether ex- 
ceptional. No average minimum thickness can be given, for the coal 
varies from the figures given above to a mere knife-edge and in places 
completely pinches out. In the description of the general geology of 
this district a mass of sandstone was described as usually overlying 
the coal. As a rule it does not immediately overlie the coal, but where 
it does the coal suffers and at some places may be reduced to only a 
few inches in thickness. The operations on this bed near Coalton 
have long since been suspended and a measurement in the hills to the 
east was obtained at a small roadside bank (fig. 7, section 5). This 
measurement indicates a possible coalescence in the two lower or 
main benches. A similar condition of affairs was observed at the 
country banks of James and W. V. Sexton at the head of Pigeon- 
roost Creek (fig. 7, sections 7 and 9). 

The roof of a coal, though not a part of the bed itself in the strict 
sense of the word, is nevertheless of great importance, for on its 
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character may depend the margin of profit that justifies the mining 
of the coal. The roof of the Coalton bed is usually shale and is con- 
sidered to be fairly strong. It ranges in thickness from a few inches 
to as many feet. In some places this shale is sandy; in others it is 
replaced by a massive sandstone, the coal in many such places being 
very thin. At the George Hull's opening near the head of Rush 
Creek a few feet of cannel shale were seen above the coal. The cannel 
shale was also observed at an opening owned by John Runyon on 
North Fork of Trace Creek. This shale sometimes scales off or 
"draws" and gives more or less trouble in the entries, but in the 
rooms little or no difficulty was reported from this source. The floor 
of the coal is apt to roll somewhat, but this is not common. Faulting 
is rare and where present is very slight. Small faults with a throw 
of 18 inches were reported near Rush at the Ashland Iron and Mining 
Company's opening No. 10. The superintendent of the mine reported 
that the largest fault known to him in the region around Rush was 
one near Star Furnace, with a throw of 6 feet. 

Chemical aspects, — The coal itself is bituminous, but the two work- 
able benches are not exactly alike. The upper bench is soft and lus- 
trous and breaks into thin blocks or slabs along charcoal layers, a 
characteristic very common among the coals of this region. The 
lower bench is much harder as a rule than the uppyer bench and con- 
tains dull bands of splint coal. This coal is not gaseous. It is a dry- 
burning, noncoking coal now widely used in this part of the State 
for steaming and domestic purposes, and in the last three decades it 
has acquired an enviable reputation as an iron-making coal, being 
still used in the raw state for this purpose by the Ashland Iron and 
Mining Company at its furnace in Ashland. Its application to iron 
making began in 1866, when it became evident that the timber sup- 
plies which had furnished charcoal for the numerous furnaces situ- 
ated in the Hanging Rock region were on the wane. Its use has con- 
tinued down to the present time, naturally decreasing as many of the 
furnaces shut down on account of the high cost of mining the iron 
ore of this region as compared with the cost of Lake Superior and 
Alabama iron ores. 

The analyses of this coal show a rather high percentage of sulphur 
for an iron-making coal. The coal mined along Williams Creek near 
Rush by the Ashland Iron and Mining Company was formerly 
washed and coked before using, but since the company's washer in 
Ashland was destroyed the coal is used raw. The ash is somewhat 
variable, but in the amounts of volatile combustible matter and fixed 
carbon the coal shows a very uniform character, as will be seen from 
the following seventeen analyses; 
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1. 


2. 


8. 


4. 


5. 


6. 


7. 


8. 


Water. 


4.80 
84.20 
54.90 
6.10 
1.81 
61.00 


5.00 

84.50 

55.40 

5.10 

1.29 

60.50 


4.06 

84.24 

54.70 

7.00 

1.86 

61.70 


4.40 
81.10 
57.90 
6.00 
2.10 
64.50 


8.80 
83.80 
57.60 
5.80 
2.48 
68.40 


7.70 
28.16 
58.04 
11.10 

1.06 
64.14 


6.40 
27.22 
58.88 

7.60 

.97 

66.88 


6.60 


Volatile combustible matter 
Plxed carboD - — — _ 





34.86 
54.64 


A«h- 


4.40 


Sulphur 


.72 


Coke. 





50.04 




9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


Water- 

Fixed carbon. 

Aiib 

Sulphur 

Coke- 


6.06 
82.94 
54.80 
6.20 
1.87 
61.00 


6.40 
31.40 
57.66 
4.54 
1.67 
62.20 


4.40 

88.00 

52.86 

9.14 

2.20 

62.00 


8.20 
85.06 
54.40 
7.84 
2.63 
61.74 


} 86.20 

43.80 
21.60 
1.80 


89.90 

58.80 
6.80 
2.05 


88.40 

64.76 
6.85 
2.05 


42.51 

52.06 
5.43 
1.82 


/ 5.19 
182.87 
55.57 
6.57 
1.68 
62.80 




r 









I. Average sample of coal from stock house at Ashland furnace, representing coal as 
actually used in the furnace. Sampled by P. N. Moore. 

2-^. Prom rooms in mine No. 4 of Ashland Coal Company near Coalton, Boyd County, 
Sampled by P. N. Moore. 

es. From the upper, middle, and lower benches of the coal bed at the old Star Fur- 
nace mines above the furnace near the mouth of Rachel Branch, west of Kilgore. The 
samples were taken from the pillars which had been exposed for some time and probably 
contained less sulphur than the freshly broken coal. Sampled by A. R. Crandall. 

9 and 10. From the upper and lower benches of the coal, here consisting of but two 
members, at an opening on Gum Branch of Straight Creek, Mount Savage Furnace prop- 
erty. Carter County. These samples were selected from coal on the dump and hence are 
Brobably not so nearly representative as those taken in the mines. Sampled by P. N. 
[oore. 

II. From the old Watson drift on Lost Creek, near Willard, Carter County. Sampled 
by P. N. Moore. 

12. From several rooms in the mine west of Dry Fork at Willard, Carter County, main 
entry. Sampled by P. N. Moore. 

13-16. Analyses furnished by the superintendent of the furnaces of the Ashland Iron 
and Mining Company at Ashland; owing to their incomplete character they are not so 
gcMMl as the other analyses. 

17. Average of first twelve analyses. 

As will be seen, most of the analyses are of coals collected by P. N. 
Moore and A. R. Crandall and published* in the report of the Ken- 
tucky Geological Survey on the eastern coal field (vol. C, p. 181). 
These samples were collected by " cutting a large number of pieces of 
coal from the whole thickness of the bed, taking them in regular suc- 
cession from top to bottom, thus representing the coal exactly as it 
appears at the place of sampling. Slight partings of pyritous bands, 
large enough to be rejected in mining, were not of course represented 
in the sample, but otherwise impurities were taken if they occurred 
at the place of cutting. Wherever possible the sample was taken 
from a number of rooms in each mine, or, where the coal was not 
opened, from as many outcrops as possible. The constant endeavor 
has been to secure samples representing the coal as it actually occurs 
in the mines." The analyses of these samples were made by Robert 
Peter and Mr. Talbutt, of the Kentucky Geological Survey. 

Some striking facts are brought out by the foregoing figures. The 
main feature is the remarkable uniformity displayed over the broad 
area from which the samples were collected, indicating care on the 
part of the samplers and uniformity in the methods employed. 
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The average of Peter's and Talbutt's analyses is given in column 17 
and shows how slightly most of the analyses deviate from the average. 
The figure for ash, given in analysis 6, is of interest and corroborates 
a statement made earlier in this bulletin as to the bony character of 
the topmost of the three benches. It is this bony character in con- 
junction with its high sulphur content that stands in the way of its 
exploitation even where it is of workable thickness. The content of 
sulphur at first sight seems rather high for an iron-making coal. If 
all this sulphur went into the iron it would perhaps spoil the product, 
but figures indicating the amount of sulphur in all the raw materials 
used in the charges as well as in the pig iron are necessary to indicate 
the way in which this constituent is distributed in the slag and pig. 

The coal is not an iron-making coal through its entire extent, but 
only at certain localities, and even in a given mine the variation in 
the impurities may be such that only certain rooms or entries can be 
worked for furnace coal. 

This bed has been regarded as the equivalent of the Hocking Val- 
ley coal of Ohio, of which Orton says « that " as a furnace coal it is 
not surpassed in the State and scarcely by any known bituminous 
coal." A comparison, therefore, between the Coalton coal of Ken- 
tucky and the Hocking Valley coal of Ohio and other coals which in 
the past have been used in the raw state in the blast furnace may have 
some interest. The following analyses represent coals which accord- 
ing to Moore have been applied for such use in Ohio, Indiana, and 
Illinois : 

Analyses of iron-making coals from the east-central coal field. 





1. 


2. 


8. 


4. 


5. 


6. 


7. 


8. 1 

1 


9. 


Water 


5.19 

32.87 
56.57 
6.57 


5.03 

36.48 
62.41 
5.13 
1.09 


5.64 

86.51 

62.21 

5.73 

1.57 


6.22 

32.55 

66.57 

4.66 

.95 


8.57 

32.70 

55.43 

3.30 

.47 


4.96 

34.62 

66.03 

4.39 

.62 


6.21 

34.29 

54.78 

4.72 

.62 


18.82 

35.16 
49.96 
1.06 


6.41 


VolatOe combustible mat- 
ter 


41.ffi 


Fixed carbon 


46.43 


Ash 


5.1S 


Sulohur — 


2.» 







1. Average of twelve analyses of Coalton coal in northeastern Kentucky. 

2. Average of ten mines of the Hocking Valley. Ohio Geol. Survey, vol. 5, 1884, 
p. 924. N. W. Lord, analyst. 

3. Average of upper, lower, and middle benches of the NelsonvlUe, Ohio, bed. Ohio 
Geol. Survey, vol. 5, 1884, p. 975. N. W. Lord, analyst. 

4. Average of eighteen samples from the great bed in the Immediate valley of the 
Hocking and about Straitsvlile. Ohio Geol. Survey, vol. 3, p. 683. 

5. Jackson Shaft coal, Jackson County, Ohio. Ohio Geol. Survey, vol. 5, 1884, p. 1015. 
N. W. Lord, analyst. 

6 and 7. Lump coal from bed No. 1, Schmidgall Coal Company, Murphysboro, Jackson 
County, 111. Composition and character of Illinois coals ; Illinois Geoi. Survey, Bull. No. 
3, p. 70. S. W. Parr, analyst. 

8. Brazil block coal from No. 1 shaft, Brazil Block Coal Company, Clay County. Ind 
Twenty-first Ann. Kept. Indiana Dept. Geol. Nat. Res., 1896, p. 106. W. A. Noyw. 
analyst. . 

9. Brazil block coal from No. 3 shaft, Brazil Block Coal Company, Parke County, iiw- 
Twenty-flrst Ann. Kept Indiana Dept. Geol. Nat. Res., 1896, p. 186. W. A. Sojt§. 
analyst. _ 

* Ohio Geol. Survey, vol. 5, 1884, p. 923. 
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These analyses of Ohio, Indiana, and Illinois coals show a fairly 
close agreement with the average analysis of the twelve samples of 
the Coalton coal of northeastern Kentucky. The figures for volatile 
combustible matter and fixed carbon are exceptionally close ; the ash, 
moisture, and sulphur show considerable variation. The above 
analyses, taken from the various State reports, inay be compared with 
analyses of samples collected by P. N. Moore and A. R. Crandall 
from the same beds in the differeni States mentioned. The mode of 
sampling was the same as that followed in the Kentucky field, and 
on account of this uniformity in sampling the results of the analyses 
given on page 71 and those which follow are really more strictly 
comparable : 



Analyses of iron-making coals from the east-central coal field. 



Water 5.19 ! 3.26 

Volatile combustible 

matter 82.87 I 

Fixed carbon ' 65.57 I 

Ash I 6.57 

Sulphur. J 1.68 

Coke I 62.30 



33.76 
54.42 
8.56 
2.247 
62.96 



3.74 



65.74 
4.20 
1.299 

69.94 



4.40 

35.08 

55.20 

6.32 

1.659 

60.52 



4.64 

29.68 
57.06 
8.72 
0.758 
65.78 



2.62 

32,0J 
68.58 
6.76 
2.472 
65.34 



3.44 

31.86 

69.54 

6.16 

1.370 

64.70 



2.40 

35.10 

66.60 

9.00 

2.373 

62.50 



2.70 

36.88 
65.64 
5.28 
1.664 
60.92 



10. 



2.68 ' 3.46 



36.32 

63.68 

7.42 

1.803' 

61.00 I 



SC.64 
53.80 
O.IO 
1.848 
r>9.90 



1. Average of twelve analyses of samples of the Coalton or No. 7 coal from north- 
eastern Kentucky. 

2, 3, and 4. Hocking Valley or Nelson ville coal, from mine near Nelsonville, Ohio. 2 
is from the upper, 3 from the middle, and 4 from the lower division of coal. 

5. From the well-known Jackson shaft coal of Ohio. 

6 and 7. From two of the best mines in the Big Muddy coal region, near Murphysboro, 
111. Large quantities of coal from both of these mines have been used in the furnaces 
at South St. Louis. 

8, 9, and 10. Indiana block coal, from vicinity of Brazil, Ind. Samples representing 
the coals from three different mines. Each sample was taken from several rooms In the 
same mine, so as to represent the mine as fairly as possible. These mines rank among 
the best of that region, and coal from all of them has been successfully used In the fur- 
nace for making iron. 

11. From the Sheridan mines, Lawrence County, Ohio. 

2-6 and H sampled by A. B. Crandall ; 6-10 sampled by P. N. Moore. 

The results show a surprising uniformity, and though the Kentucky 
coal shows a higher moisture content than the other coals, yet in 
other respects, especially when the amount of sulphur is considered, 
it compares favorably with the iron-making coals of Ohio, Indiana, 
and Illinois. 

Amount of coal. — ^The question of the amount of high-grade coal 
-which is still available is of great importance. The extent of the ter- 
ritory above drainage level underlain by the Coalton coal can be 
readily seen on the economic map (PL I). It should be borne in 
mind, however, that in the region where this coal is indicated as lying 
above drainage level it has been largely worked out and, as has been 
mentioned, most of the mines now working it are nearly in a state of 
exhaustion. The eastern limit of the coal above drainage level is indi- 
cated on the economic map. This coal has never been exploited be- 
yond this line by shafts. It has been mentioned (p. 46) that in the 
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valley of Big Sandy River its character is such that it may never 
become commercially available, but all over the district now under 
consideration it has been justly relied on as a uniform and persistoit 
bed. Just where the coal begins to change its character from a work- 
able to a nonworkable bed is, of course, problematical. But it is 
reasonable to suppose that the change to the condition observed along 
Big Sandy River on the south side of the basin may be gradual and 
that there may prove to be a very considerable body of workable coal 
below drainage level on the western side of the basin. Thus far 
prospecting with the diamond drill has not been attempted and the 
eastern limits of workable coal are still in doubt. The coal vnll have 
to be worked by shafting and must be approached with the plan of 
working up the rise — that is, to the north or to the northwest. On 
account of the uncertainty cormected with the exact zone of change 
from a commercial to a noncommercial bed, it has seemed inadvisable 
to make an estimate of the good coal still available. It is believed, 
however, that the amount is large and will repay careful prospecting 
with the diamond drill. 

WINSLOW CX)AL (NO. 6). 

Geologic position, — ^The next lower workable coal in this district is 
known as coal No. 6 in the Kentucky reports. It is known as the 
" limestone coal " in the region about Ashland, Ky., from its position 
as the first really important bed above the Vanport (" Hanging 
Rock ") limestone. The names Keyes Creek and River Hill coal are 
also applied to it. In Ohio this bed is known as the Newcastle coal* 
and is correlated with the Lower Kittanning of Pennsylvania. It is 
usually found about 20 feet or more above the Vanport limestone or 
ore, and its distance below the Coalton is from 40 to 50 feet. About 
midway between the two coal beds is the red kidney iron ore. These 
three well-known horizons should serve to readily identify this bed of 
coal. Near Ashland, Ky., and Coalgrove, Ohio, the rocks associated 
with it are massive sandstones and all over the northeastern part of 
the district where this coal is workable the beds both below and above 
it are prevailingly sandy. The conditions under which the top of 
the Pottsville formation was deposited seem to have continued into 
early Allegheny time. 

Extent. — ^The outcrop of the coal where workable has not beoi 
indicated on the map, for the Winslow lies so close below the Coal- 
ton coal that the representations of the two would be well-nigh indis- 
tinguishable. The Winslow outcrops in the northern part of Boyd 
County, where it is extensively mined and used. Outside of this 
part of the quadrangle the coal, so far as known, is not workable 

• Ohio Geol. Survey, vol. 5, 1884. p. 122. 
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over any great area. It is particularly important about the city of 
Ashland. Along Little Hood Creek it is present in the hills on both 
sides, and near Pollard, Oakview, Winslow, and Summit there are 
openings on nearly every farm. On account of its development 
about Ashland it was thought that the name ^^ Ashland coal " might be 
applicable, but the next higher workable coal, or Coalton bed, is some- 
times inappropriately known by that name. The name "Winslow 
coal " will be used in this report, as the bed is now being mined on a 
commercial scale at Winslow on the Chesapeake and Ohio Railway^ 
a short distance southwest of Ashland. This bed of coal is present 
in all the hills between Little Hood and Catletts creeks, along Ohio 
River, and on Keyes Creek. 

Development. — It is extensively developed in a small way in the 
northern part of Boyd County. In most places, however, the opera- 
tions are on a small scale, most of the railroad mines apparently 
being closed, with the exception of mine No. 8 of the Ashland Iron 
and Mining Company at Winslow. About Ashland the coal is exten- 
eively mined at small banks and hauled in wagons to the city, where 
it supplies the local demand for fuel, and is used also by the Ashland 
brick plants, by the river boats, by the fumades of the Ashland Iron 
and Mining Company for generating steam, and in other ways up 
and down Ohio River. It is highly regarded as a steaming coal and 
retails in Ashland and Catlettsburg at 8 or 9 cents a bushel. 

Character. — ^The Ohio reports state « that coal from this bed has 
furnished the entire supply of Ironton for manufacturing and domes- 
tic purposes and that upon the mines of this bed all the manufactur- 
ing interests of Ironton have been built. This is very high praise 
for a bed of coal. The section of this bed, together with the quality 
of the coal around Ironton, are strictly comparable with similar 
features of the coal at Ashland. The two towns lie within sight of 
one another. The accompanying sections (fig. 8) give a fair idea 
of the thickness of the coal. 

From the sections it will be observed that the coal usually occurs 
in three benches, the upper two separated generally by a thin bone 
parting, rarely more than 1^ inches thick. These top benches with- 
out the bone parting range in the aggregate from 2^ to 3 feet in 
thickness. They are separated from the lower bench by a clay or 
shale layer 3 to 8 inches thick. The lower bench is from 6 inches to 
2 feet thick and is usually worked. The roof of the coal is sandstone, 
though in places between the top of the coal and the base of the 
overlying sandstone a few inches of dark shale is present. The 
sandstone locally thickens up and replaces the coal completely, and 
rolls of a few square feet in area are not uncommon. Some slight 
faults are reported. The floor of the coal is usually clay. The coal 



•Ohio Geol. surrey, vol. 5. 1884. p. 104^,^,,,^ by GoOglc 
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in the upper two benches is splinty and harder than that in the lower 
bench, which crushes badly in the pillars. Like the other coals in the 
district, the upper two benches readily break into blocks or slabs 6 
inches or more thick. The coal should be classed, therefore, as a 
semiblock coal. It is not a good coking coal, but after being washed 
has been made into coke by the Ashland Iron and Mining Company 
and used in the furnaces in Ashland. The coke is apt to be soft and 
spongy and contains a rather high percentage of sulphur. The re- 
sults obtained, however, when mixed with a small amount of Poca- 
hontas coke were satisfactory, and a very good coke was made by 
mixing it with a small amount of Kanawha coal and coking the mix- 
ture. Like all the coals in this district, it bears stocking and trans- 
portation well. 
1:3456 



FiQ. 8. — Sections of Winslow coal (Kentucky No. 6) In nortbern part of Boyd County. 
1, 2. County road one-half mile east of Winslow ; 3, Ashland Iron and Mining Com- 
pany, William Wurtz, lessee, near Winslow ; 4, Mrs. George McKnight, three-foortlis 
mile north of Winslow; 5, Nancy McKnlght, three-fourths mile northeast of Winslow; 
6, Ashland Iron and Mining Company, No. 8, Winslow ; 7, J. M. Ferguson, south of Ash- 
land ; 8, James Patten, Keyos Creek ; 9, near Oakview (Ashley) ; 10, John Gerard, 
near Oak^cw (Ashley) ; 11, In hills west of Ashland; 12, Rush; 13, Newcastle coal 
Ohio, section at Newcastle. Ohio Geol. Survey, vol. 5, 1884, p. 1044. Scale, 1 Inch — 5 
feet. 

Analyses of Winslow coal. 





1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


Moisture. _ 






5.19 
41.88 
47.69 
5.26 
1.40 


8.40 
32.30 
55.40 
8.90 
1.23 


2.94 
32.50 
66.70 
7.74 
1.97 


2.70 
36.70 
52.60 
8.00 
1.71 


4.04 

83.60 

53.84 

9.00 

1.31 


8.65 

86.50 

52.62 

7.11 

1.71 


"ioTn" 

61.49 
8.84 

1.67 




Volatile matter. — 

Fixed carbon- 

Ash—- - 

Sulphur 


43.52 
50.54 
5.94 
1.83 


42.95 

52.10 

4.95 

2.54 


1.W 
88.S 

8.77 
l.«l 







1. Mine No. 12 of the Ashland Iron and Mining Company near Winslow. Ky. 

2. West of Ashland. _^. ^... ^ , „ , r 

3. Newcastle coal from tunnel mines near Ironton, Ohio. Ohio Geol. Survey, voL o, 
1884, p. 1045. N. W. Lord, analyst 

4. Turkey Pen Hollow. 

5. Keyes Creek. 

6. Horse Branch. 

7. Amanda furnace. 

8. Average of first seven analyses. ^^, , ^ . ^, « . . «•. , 

9. Washed coal from Ashland Iron and Mining Company's No. 8 mine at Winslow. 

10. Coke from No. 12. • _ 
Analyses 1, 2, 9, and 10 furnished by the Ashland Iron and Mining Company; 4, a. 

6, and 7 bv Peter and Talbutt, Report on the eastern coal field : Kentucky GeoL Survey, 
vol. C, p. il. 

The analyses of this coal show discrepancies so great that it is 
difficult to say which represents the average for the region. The 
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analyses furnished by the Ashland Iron and Mining Company are 
unfortunately incomplete, but if the moisture in them is considered 
a part of the volatile matter some idea of the latter constituent may be 
had by subtracting the average moisture in these analyses where it is 
given from the volatile matter, in which it is apparently included. 
The results obtained by this process indicate a content of volatile mat- 
ter between that given by Peter and Talbutt's figures and that given 
by Lord. Averaging these results with those given in the last five 
analyses, the volatile matter represented in all will average about 
36.59 per cent. Other averages are given in column 8. The results 
are fairly characteristic of a bituminous coal of high grade. The 
percentages of fixed carbon and volatile matter indicate a good gas 
coal, but of course a coal furnishing only a second-grade coke would 
hardly be used for gas making. Though the coal has been washed 
and coked, it furnishes a nonmarketable product. Coke from this 
coal has never been used alone in the furnace, but always with some 
standard coke, like Pocahontas and Kanawha coke. 

As a steam fuel the coal gives excellent satisfaction. Its average 
analysis, indicated in colunm 8, shows a very close resemblance in 
composition to the average analysis of the Coalton coal in this region, 
which is highly regarded as a steam coal. It contains less moisture 
than the Coalton coal, but more ash. The sulphur in the average 
analyses of these two coals is about the same and the volatile matter 
and fixed carbon in both coals are very close. In the Coalton coal the 
fuel ratio — that is, the quotient of the fixed carbon divided by the 
volatile matter — is 1.69 and in the Winslow coal this ratio is 1.43, a 
difference of about 0.25. 

The sulphur content of the Winslow coal is rather high, but with 
respect to its content of moisture and the percentages of fixed carbon 
it compares very favorably with the good grades of bituminous coal 
of Ohio and Illinois. It does not rank with the best West Virginia, 
Pennsylvania, Kentucky, Virginia, and Arkansas coals. 

Amount of coal. — ^This coal has been described as one of the more 
imi>ortant beds in the southern part of Lawrence County, Ohio. It is 
equally important across Ohio River on the Kentucky side about 
Ashland. Its area of greatest development also is confined to this 
region. Southward about Cannonsburg and Princess this bed gradu- 
ally becomes thinner, until at Rush, where the following section was 
obtained, the coal becomes too thin to have any conmiercial value 
whatever : 

Section of Winslow coal at Rush, 

Feet. 

Shale, blue, some of it light in color 1 

Coal 1 

Shale, black 1} 

Fire clay. 
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It thus appears that in the region where the Winslow coal is best 
developed the next overlying coal is not developed on a workable 
scale, and vice versa. 

Coal No. 5 is reported by Crandall as having been worked near. 
Buena Vista furnace, on Straight Creek, Boyd County, and though 
badly broken up by partings shows 38 to 40 inches of good coaL« 
CrandalPs section at this point is as follows: 

Section of No, 5 coal bed on Straight Creek, 
Shale. 
Goal and shale. inches. 

Shale - : 6 

Coal 6 

Shale 5 

CJoal 27 

Shale. 

Peter and Talbutt ^ found the composition of this coal to be — 

Analysis of coal No. 5 near Buena Vista furnace^ on Straight Creek, 

Moisture 3.20 

VolatUe matter 32.30 

Fixed carbon ^ 53.00 

Ash 11.50 

Sulphur 2.00 

No openings on this coal were noted by the writer. 

POTTSTILLE C0AL8. 

A brief description of the rocks of the Pottsville formation has 
been given on pages 19-20, 62-64. It has been stated that the rocks 
of this formation are prevailingly sandy, and that associated with 
these sandy beds, which may be pure sandstone, sandy shale, or shaly 
sandstone, are three classes of economic deposits — coal, fire day, and 
iron ore. In this place only the coals will be considered. 

CATLETT8 CREEK COAL (NO. 4). 

Geologic position. — The highest coal in the Pottsville formation 
in this district may be called the Catletts Creek coal from the fact 
that it is exploited along the creek of that name. It corresponds 
stratigraphically with the Upper Stinson coal at Boghead and with 
the Lick Creek coal of the Big Sandy Valley district. Its position 
directly below the Homewood sandstone serves to locate it at once 
in the geologic column. Its distance above the next lower workable 
coal in this district is probably not more than 40 to 60 feet, and it 
lies approximately the same distance below the Vanport (" Hanging 
Rock'') limestone in the Allegheny formation in the eastern part 
of Ashland, though this measurement depends largely on the varying 
thickness of the Homewood sandstone. 

• Kentucky Geol. Survey, vol. C, 1884, p. 19. • IdeJ 
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Extent (md development. — Although this coal outcrops over a 
broad area in the district, it has proved of workable thickness in 
very few places. Its outcrop, if drawn on the map, would come a 
little below that of the clay indicated by the red line. 

In the eastern part of Ashland it has been prospected at numerous 
points on the road leading to the city cemetery. Farther tip Ohio 
River, at the Weaver Pottery Company's plant, between Sandy City 
and Catlettsburg, it was formerly worked, but the bank had fallen 
shut at the time of the writer's visit. It is probable that this coal 
may be of workable thickness between this point and Ashland, al- 
though there is a possibility that it may be replaced by the massive 
Homewood sandstone of tlup region. On Catletts Creek it is work- 
able and may be easily traced for 2 miles west of Catlettsburg to a 
point where it disappears below drainage level. In the valley of 
Hood Creek, a short distance northwest of Summit, it has been opened 
by William Crane, and near the mouth of Shope Creek A. J. Harris, 
on whose land the coal has been opened, reports 3^ feet of coal with 
an important fire clay below. At Music it has been opened, but is so 
badly broken by partings as not to be a commercial coal. So far as 
known, it is not workable at any other point in the district. Develop- 
ments on this coal are not on a commercial scale. In all the localities . 
described above, except at the opening of the O'Kelly Brick Com- 
pany, it is worked only during the winter months for local trade. 

Character. — ^The reason for its restricted exploitation is at once 
evident from its section. It is, in fact, a thin coal bed, and this 
character, in connection with the fire-clay parting running through 
the center of the bed, will probably bar it from the list of com- 
mercial coals of this district for some time to come. Both benches 
nowhere measure more than 2^ feet together, and the parting in 
the middle is in places as thick as one of the benches of the coal. 
It usually has an excellent roof of massive sandstone, which makes 
it a safe and cheap coal to work. Its clay floor is important 
commercially, for it it is of workable thickness and of a quality 
good enough to serve as a bond in refractory brick. The coal 
could readily be worked at a profit in connection with the fire clay, 
and this seems to have been understood by one firm, the O'Kelly 
Fire Brick Company, which mines the clay and coal in the eastern 
part of Ashland (fig. 9, section 3). The coal is of the lustrous bitumi- 
nous variety, but contains splinty bands and is on this account rather 
hard. It breaks into thin slabs and hence is blocky in its nature. 

TORCHLIGHT COAL (NO. 3). 

Geologic poUtion. — ^The next lower workable coal in this district 
is at a distance of 40 or 50 feet below the base of the Homewood sand- 
stone and hence at the same distance below the Catletts Creek cwl. 
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East of Danleyton it has been opened, together with the coals occur- 
ring below it, at a few points about 80 feet below the top of the Home- 
wood sandstone, which, in this region, is a prominent cliff maker 
and can be readily traced. This is not the second coal below the base 
of the Homewood sandstone, as on the Hood Creek pike two small beds 
were observed at small distances above this coal. It is very probable, 
however, that it is the next main workable coal below that occurring 
•immediately beneath the Homewood sandstone. It is also certain 
that this coal, which is the one opened on the lands of the Means Rus- 
sell Iron Company in the valley of Hood Creek, can not be the Cat- 
letts Creek coal, for the two coal beds are found in the section 
exposed from the point where the main Hood Creek pike crosses Hood 
Creek northwest of Pollard to the Flatwoods area. It is probable that 
it is the equivalent of the Torchlight coal of the Big Sandy River 



Fig. 9. — Sections of Catletts Creek (Kentucky No. 4) and Torchlight (Kentucky No. 3) 
coals in Boyd County. Catletts Creek coal : 1, Alex. Chapln, Catletts Creek ; 2, coun- 
try bank, Catletts Creek; 3, O'Kelly Brick Company, Ashland. Torchlight coal: 
4, Hood Creek, west of Ashland. Scale, 1 inch -» 5 feet. 

region, and of the Lower Stinson coal at Boghead, and hence is No. 8 
in the Kentucky series. 

Extent and development. — ^This coal bed is present above drainage 
level in workable thickness over only a small part of Boyd County. 
Both to the east and to the south the dips carry it below drainage 
level. To the west and south, however, in Greenup and Carter 
counties, it is found above drainage level, having a wide distribution 
near the western limits of the quadrangle. Within this district it 
has been worked on only a small scale, owing to the fact that it is 
thin and badly broken by partings, but along Canes Creek and 
Stinson Creek in Greenup and Carter counties it is one of the most 
important cannel coals. It is present in workable thickness in the 
ridge separating Little Sandy River from East Fork, but on the 
eastern flank of the ridges it is not worked, except at a few country 
banks. Its outcrop, where known to be workable, is indicated on the 
economic map (PL I). The most important past development on 
this bed was in the valley of Hood Creek, west of the city of Ash- 
land, directly overlying a massive sandstone. Though it has been 
opened in many places northwest of Pollard on the lands of the 
Means Russell Iron Company, all the openings have for sonie reason 
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been allowed to fall in. The section and character of the coal here 
are unknown. The following is a section of the bed : 

Section of No. S coal bed of the Kentucky Geological Survey in the valley of 

Hood Creek, tcest of Ashland, Ky, 

Shale roof. inches. 

Coal with bony streaks 151 

Coal, bituminous, with splint bands 18 - 

Clay ___ 31 

Coal 

Fire clay. 

The bank is situated so that it is often flooded at periods of high 
water. The above section is the only one in this district which the 
writer had an opportunity to measure; hence it would be unjust to 
base a judgment as to the character of the coal on such slight evi- 
dence. It is apparent at once that if the section is a true criterion of 
the bed, it has little market value at present. The upper bench, 
which is the main workable bench, may be all coal in many places and 
not largely bone as indicated. If this bony character is not widely 
prevalent the upper bench alone would have commercial possibilities. 
The parting between the two benches, in connection with the thinness 
of the lower bench, injures the value of this bed. 

The coal in the upper bench is hard and contains splint bands, and 
like most of the coals in the region will bear stocking and transporta- 
tion without much crumbling. On this account it is a coal which 
can be shipped for long distances and not suffer much in transit. 

DANLEYTON COAL. 

Geologic position. — The position of the Danleyton coal bed in the 
geologic column is very plainly indicated in the section between 
Argillite and Hood Creek (p. 64). It is known locally as the "clod 
seam," owing to a clay parting which it contains. Openings on it 
have been made at many places near Argillite and Danleyton, and 
it may be called the Danleyton coal. It occurs 110 feet below the 
base of the Homewood sandstone and from 30 to 40 feet below the 
horizon of an ore bed which must have been of considerable im- 
portance in the region, as it has been benched to a great extent. 
This ore has been regarded by Moore as the main block ore,* but its 
relations to the base of the Homewood indicate a lower ore. Cer- 
tainly the coal opened below it is much too far below the Homewood 
to be regarded as the equivalent of the No. 3 or Torchlight coal. 

Extent. — ^The Danleyton coal is present in the hills bordering 
East Fork of Little Sandy between Danleyton and Naples, but south 
of Naples it is below drainage level. Near Argillite it occurs 150 

« Kentucky Geol. Survey, vol. C, 1884, p. 138. 
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feet above railroad grade, and has been opened in the surrounding 
hills. There is an almost continuous line of country banks on the 
outcrop where it is above drainage level on Gulp and Henry 
branches, and nearly every farmer about Danleyton also has opened 
this coal for his private use. A short distance east of Danleyton it 
goes below drainage level. It has been opened near Hunnewell, on 
the Eastern Kentucky Railway, as described elsewhere (p. 92). At 
all these points the development is purely local. 

Character. — ^The accompanying sections (fig. 10) illustrate the 
character of this coal. They show a striking similarity in their gen- 
eral features. The coal where seen is always in two benches, sep- 
arated by a clay parting. Each bench ranges from less than a foot 
to li feet in thickness. The lower 4 or 5 inches of the upper bench b 
in places bony. The clay parting ranges from 6 inches to more than 
a foot in thickness. In no place was more than 31 inches of good 
coal seen in both benches. The coal is of the usual bituminous vari- 
ety. The upper bench is perhaps more lustrous than the lower, but 



Pio. 10. — Sections of Danleyton coal. 1, Mouth of PIgott Branch ; 2. J. H. Prultt Culp 
Creek; 3, mouth of Pigott Branch; 4, Henry Branch; 5, A. W. Callahan, DaHleytoa 
Church ; 6, south of Danleyton ; 7, Turkey Fork. Scale, 1 inch — 5 feet. 

it may also be dull and splinty. The lower bench locally breaks out 
into blocks and contains splinty bands. The thinness of this bed and 
the presence of the clay parting are serious hindrances to its com- 
mercial possibilities. So long as thicker coals are prevalent in the 
region this bed can hardly compete with them in the trade. It is 
conveniently situated with respect to transportation, and in the 
future may be developed for shipment. It is reported to be an excel- 
lent stove and steam coal, and is widely used by the farmers. 

LITTLE BAHDT VALLEY OB EA8TSBN KEHTVOXY &AILWAT DZBTBXOT. 

EXTENT. 

The Little Sandy Valley district is in the northwestern part of the 
Keriova quadrangle. Its eastern boundary is the ridge separating 
the drainage of East Fork of Little Sandy and Williams Creek from 
that flowing into Little Sandy River. It will be seen that this is 
an irregular line running southwest from the northern edge of the 
quadrangle to the ridge just west of Means tunneL Southwest of 
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this point the boundary swings west and south to Mount Savage, 
thus allowing a part of the Little Sandy drainage basin to be in- 
cluded in the Chesapeake and Ohio Railway district. The line of 
the Chesapeake and Ohio Railway has been arbitrarily chosen as the 
southern limit of this area. The reason for the choice of these 
boundaries is that the district thus set apart is a unit commercially, 
all the coal mined in it being shipped over the Eastern Kentucky 
Railway, which follows Little Sandy River more or less closely till 
it reaches Ohio River. 

GEOLOGY. 

This district lies on the northwest side of the basin^ which extends 
nearly across the quadrangle from its northeastern to its southwest- 
em border. The beds dip southeast. It will be seen at once that 
from the center of the basin to the northwestern edge of this area 
lower and lower beds appear in the valleys. Therefore the lowest 
beds stratigraphically are those in the valley of Tygarts Creek. 

The rocks outcropping in this district occur in both the Pennsyl- 
vanian and the Mississippian series. The former series in this dis- 
trict includes the Pottsville formation and a part of the Allegheny. 
The Mississippian series includes the Maxville limestone lying at its 
top and a part of the Waverly group. 

The Allegheny formation is, for the most part, confined to the hills 
east of Little Sandy River, but its base is present in the tops of some 
of the highest hills between Little Sandy River and Tygarts Creek. 

The next lower formation is the Pottsville. Considered from both 
an areal and an economic standpoint this is the most important forma- 
tion of the region. Its entire thickness is represented and, since it 
differs so markedly from its equivalent in the Big Sandy River 
region, it has been thought advisable to prepare a general columnar 
section which will represent it in this district (PL IV, p. 28)'. It 
includes the rocks from the top of the Maxville limestone to the top 
of the Homewood sandstone, in all very nearly 400 feet. In some 
places it may be thicker than this, but in others its thickness may be 
nearer 800 feet The prevailing character of the rocks in this for- 
mation is sandy. Lying 20 to 30 feet above the Maxville limestone 
occurs the lower and one of the most important sandstone members 
in the Pottsville — ^the " conglomerate rock '' or " conglomerate forma- 
tion " of the Kentucky Geological Survey. It is not a simple sand- 
stone at all points; on Everman Creek a distinct black shale which 
locally contains coal occurs near its middle. The fossils obtained 
from this shale point to its equivalence with the Jackson shaft coal 
of Ohio and the Sharon coal of Pennsylvania. At the top of the 
Pottsville is another important sandstone member, the Homewood 
sandstone, ranging from 26 to 50 feet in thickness in this particular 
district^ though in other parts of the area it may attain-^ thickness 
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of 100 feet or dwindle to a few feet of sandy shale. There are other 
important sandstones in this area ; for example, below the Danleyton 
coal about Argil lite and Hunnewell a massive sandstone 60 to 70 feet 
thick shows in the hills, and locally the shaly sandstones and sandy 
shales so characteristic of this formation assume a decidedly sandy 
phase, becoming, in fact, true sandstones. The deposits of chief eco- 
nomic interest in the Pottsville are coal, clay, and iron ore. There 
are at least four different coal horizons, attaining importance in differ- 
ent parts of the district, and if the thin beds which are used locally 
but which may never assume much commercial importance be counted 
the nmnber is considerably increased. 

The next lower member in the section is the Maxville limestone. 
This rock has some economic importance but does not contain any 
coal beds. It is very restricted in its distribution; it outcrops on 
Everman Creek at a few points and in the valley of Tygarts Creek. 
It is not over 20 or 25 feet thick. 

The Waverly group underlies the Maxville limestone. Its best 
development in this area is in the valley of Tygarts Creek. In the 
hills about Wamock G. H. Ashley measured a little over 100 feet of 
this group, composed of shale, shaly sandstone, and sandstone. The 
Waverly group has been divided into several formations, the topmost 
of which are the Logan, 100 to 150 feet thick, and the Blackhand, 50 
to 500 feet thick. There are no grounds to warrant dividing the 
rocks below the Maxville into more than one formation in this area. 
They may be regarded, therefore, as belonging to the Waverly group. 
They are of minor economic importance, as they contain no coal beds, 
clay, or iron ore within the limits of this district. 

THE CX)ALS. 
ALLEGHENY COALS. 

The rocks included in the Allegheny formation in this district lie 
chiefly east of Little Sandy River and cover only a small part of the 
surface. The two important coal beds in the lower half of the Alle- 
gheny — namely, the Coalton and the Winslow — ^are present in small 
areas on the divide between Little Sandy River on the west and East 
Fork and Williams Creek on the east. These deposits in general are 
rather small to be exploited conmiercially, though in some localities 
considerable coal has existed. At the head of Stinson Creek, for in- 
stance, the Coalton coal is of some importance. The remaining coal 
beds of the Allegheny formation, outcropping along the eastern mar- 
gin of the Little Sandy River region, owing to its southeastern dip. 
will be worked and shipped along the Chesapeake and Ohio Railway 
and are considered in the description of the district tributary to that 
line (pp. 60-82). 
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P01T8YILLE C0AL8. 

UPPER STINSON COAL (NO. 4). 

Geologic position. — The highest workable coal in the Pottsville for- 
mation occurs near the base of the Homewood sandstone. It thus cor- 
responds in position with the Lick Creek coal, south of Louisa, and 
the Catletts Creek coal. It is opened and worked at Boghead by the 
Kentucky Cannel Company, where it occurs 30 feet above the Lower 
Stinson coal. Strictly, then, this coal should be called coal No. 4, if 
we are to adhere strictly to a system of numerals for the coal beds. 
Both this coal and the underlying bed fall within the Mercer group 
of northwestern Pennsylvania. 

Extent and development. — ^This coal has been called the " Yankee 
vein " near Hunnewell, and according to report has been worked near 
that place. It is of workable thickness over a fairly broad area. It 
is present and as a rule is of workable thickness in most of the hills 
of this district east of Little Sandy River. Workable thickness is 
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Fio. 11. — Sections of Upper Stinson coal (Kentucky No. 4). 1, 2, Kentucky Cannel 
Company, Boghead, Ky. ; 3, Miss Drendy Jacobs, hill west of Canes Creek ; 4, 5, Mount 
Savage. Scale, 1 incha«5 feet. 

reported about Hunnewell, but its greatest thickness is to the south- 
west, in the hills at the head of Wilson and Upper Stinson creeks. 
In places it is a splint and bituminous coal, and at Boghead it con- 
tains an important cannel layer. 

At the head of the smaller tributaries flowing into Wilson Creek 
from the east it is opened on the places of Miss Drendy Jacobs and 
C. G. Brammell. At an opening orl Miss Jacobs's property the thick- 
ness of this bed is well shown (fig. 11, section 3). On the county road 
between Boghead and Seney its bloom shows, but the coal has not been 
opened and little is known of its thickness and character. On Lower 
Stinson Creek it is worked by the Kentucky Cannel Company at Bog- 
head, and according to report the old Lexington and Carter Coal 
Mining Company worked the bed in the past in the hills southeast of 
the present openings of the Kentucky Cannel Company, shipping 
their coal overland to the Chesapeake and Ohio Railway at Music 
Still farther south, in the hills north of Mount Savage furnace, this 
coal has been opened and worked, though it is rather thin and badly 
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broken by clay partings. At some of the prospects visited at other 
points near Mount Savage it shows an excellent section, as seen in 
fig. 11 (sections 4 and 5). This coal, therefore, is present in work- 
able thickness over considerable territory lying between the heads of 
Canes Creek and Straight Creek. West of Little Sandy Eiver it is 
present only near the tops of the highest hills. 

Character, — It will be seen from a study of the sections of this 
coal bed that it is very irregular in thickness. The coal at Boghead 
is comparable with that measured west of Canes Creek at the bank 
of Miss Drendy Jacobs. At both these points the bed consists of 
three benches, separated by either bone or black clay or shale part- 
ings. The coal in the upper bench ranges from 7^ to 11^ inches, 
and in places has a few inches of bone over it. The middle bench 
ranges from 1^ to 11 inches and is of soft bituminous coal, as is the 
upper bench. These two benches are separated by a parting not 
exceeding 6 inches thick of bone or black shale. At Boghead the 
coal shows a bottom bench of cannel, varying between 9 and 15 inches, 
and separated from the middle bench by about 6 inches of Ixme (X 
clay. In most places the coal bed has a day floor and a shale roof 
which requires careful timbering. West of Cane Creek the coal in 
the upper two benches is soft lustrous bituminous coal, as at Bog- 
head, but the bottom bench, which measures 2 feet or more, is splinty 
and dull. At Mount Savage the coal appears to be irregular, show- 
ing in one place the simple section indicated in sections 4 and 5 (fig. 
11), but in other places being badly broken by clay or shale part- 
ings and having a roof of shale or clay or the massive Homewood 
sandstone. This coal is opened at many country banks near Mount 
Savage. 

West of Canes Creek near the Greenup-Carter county line this coal 
is developed in three benches ; the upper two are ordinary soft lustroas 
bituminous coal and the lower bench is hard and splinty. Both 
varieties are mined for local use in the region and give excellent re- 
sults when used for domestic and steam purposes. At Boghead also 
the upper two benches are soft ordinary lustrous bituminous coal 
mined in connection with the cannel but kept separated from it. The 
cannel from the lower bench is peculiar in structure. It is not homo- 
geneous and compact and does not break with the oonchoidal fracture 
characteristic of the more familiar types of cannel coal when seen 
in large lumps. It is irregularly bedded, or lenticular, the individual 
beds or lenses varying greatly in their two larger dimensions. In 
places the width, however, is not more than an inch. The thickness 
of these lenses varies; in some places they are from a quarter to a 
half inch thick, but elsewhere they are exceedingly thin. Along the 
bedding planes are flecks of lustrous material These may be due 
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(1) to material of different composition originally or (2) to material 
which may possibly have undergone less physical change (macera- 
tion) before consolidation, or (3) some of these patches may be 
slickensided surfaces or planes of movement, suggesting the possi- 
bility that the structure of the rock may be secondary and due to 
movement after the coal had been deposited. When examined closely 
the material composing the lenses is seen to be typical cannel in every 
way, having the dull appearance of more massive cannel coal, break- 
ing with conchoidal fracture, and being homogeneous and compact, all 
on a small scale. With the exception of the small lustrous patches 
.and its structure when viewed in large-sized fragments, it is like 
more massive cannel coal. The coal mined from this bench is kept 
separate from the bituminous coal of the same bed and, with the 
cannel from the next lower bed, is shipped abroad, where it is used 
chiefly as a gas enricher, being very high in volatile matter and fairly 
low in fixed carbon and moisture. 

LOWEB STINSON COAL (KENTUCKY NO. 3). 

Extent. — ^The next lower workable coal in the Pottsville formation 
occurs 30 feet below that just described. Thus, were the numbers ap- 
plied to coals which are workable locally, this would really be No. 3 in 
the series. This is probably equivalent to the Hunnewell cannel coal. 
In the past it was extensively worked in the vicinity of Hunnewell 
furnace and the cannelin it was said to range in thickness from 3 to 
4 feet. It is present in all the hills in this district east of Little 
Sandy River, becoming higher in the hills toward the west. North 
of Turkey Fork it seems to lose its cannel bench, but south of this 
stream it is worked by the Kentucky Cannel Company near Hunne- 
well for the cannel it contains. At the head of Canes Creek its bloom 
shows at several points along the road, but little prospecting has been 
done on it and not much is known of its character. Its most im- 
portant area in this district, and, indeed, in the entire western part 
of the whole quadrangle, is the irregular square included between 
Lower Stinson Creek on the north, the limits of this district on the 
east, the Chesapeake and Ohio Railway on the south, and Little 
Sandy River on the west. In this area it is fairly uniform in thick- 
ness, though it varies somewhat in physical character. At Boghead 
it is worked by the Kentucky Cannel Company on a commercial 
scale, chiefly for its cannel bench, which occurs near the middle of 
the bed. Chi the waters of Upper Stinson Creek it has been opened 
at numerous points. West of this creek and between it and Little 
Sandy River the coal bed seems to lose its cannel bench at most 
points and to consist of two benches of ordinary bituminous and 
splint coaL In the hills about Robin Run and the small tributaries 
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of Little Sandy River southeast of Grayson it has been opened at 
many points and in every place is of fair workable thickness. The 
persons on whose land the coal is worked and where measurements 
were obtained are named on page 89. Most of the hills west of 
Little Sandy River rise high enough to contain this coal bed, but at 
the time of the writer's visit apparently very little prospecting had 
been done on the bed in this region and its identity with the coal de- 
scribed southeast of Grayson could not be established with any great 
degree of certainty. What is considered the equivalent of the Lower 
Stinson coal has been opened on Barrett Creek and Everman Creek 
and contains some cannel coal in both benches, as indicated in the 
section obtained on the land of David Childers (fig. 12, section 12). 
North of Everman this coal is present over broad areas in the hills 
bordering Claylick, Oldtown, Lost, and Canes creeks and Fall 
Branch, but at no points were any openings in such condition as to 
enable the writer to measure or study the coal in detail. Near the 
mouths of these creeks the coal will be found between 200 and 300 
feet above the bottom lands. Crandall « states that in the neighbor- 
hood of Raccoon, Buffalo, and Laurel furnaces, which are located in 
or near the northwest corner of this district on Raccoon, Clayhck, 
and Oldtown creeks, respectively, this coal is present and usually 3 
feet thick. There seems to be no reason why it should not be present 
in workable thickness over a considerable area west of Little Sandy 
River. 

Churacter. — The sections in fig. 12 give an idea of the thickness of 
this coal and the number and character of its partings. 

As will be seen from the sections the coal in some places consists 
of two and in other places of three or even four benches. Southeast 
of Grayson, at most of the country banks, it contains two benches 
(sections 2, 3, and 4, fig. 12), separated usually by a thin bone part- 
ing. The upper bench ranges from about a foot to 15 inches in 
thickness; the lower averages about the same. The coal varies in 
character in the two benches. At some points a cannel layer, from 
1 to 2 inches thick, is present at 1:he top of the upper bench, and at 
the George Armstrong bank (section 2, fig. 12) a 6-inch cannel layer 
was observed at the top of the lower bench. As a rule, the lower 
bench is more splinty and harder than the upper, but this is not 
invariably true. This bed averages about 2^ feet of excellent coal 
in the region southeast of Grayson. On Everman Creek (section 12, 
fig. 12) it contains more coal but also has a bad bony parting. 

Where worked at Boghead and Hunnewell, the bed usually con- 
sists of three benches. The upper bench is ordinary lustrous bitumi- 
nous coal and varies in thickness, being about 5 inches thick at Bog- 
head and slightly less than a foot at Hunnewell. It is separated 

•Kentucky Geol. Survey, vol. C, 1884, pp. 17-18.^ t 
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from the middle cannel bench by a bone or clay parting, which is 
from li to 9 inches thick, being thicker near Hunnewell than at 
Boghead. The bottom bench is similar in character to the top bench. 
At Boghead it ranges from a foot to 14 inches in thickness, and at 
Hnnnewell»it is slightly thinner. It is separated from the middle 
cannel bench by a clay parting of variable thickness, this parting at 
Boghead reaching about 80 inches. The middle bench of cannel coal 
is the most valuable part of the bed at Boghead and Hunnewell. At 
the latter place it is about 15 inches thick. At the old Hunnewell 
workings 3 to 4 feet of cannel coal were reported as formerly mined, 
but no such thicknesses as this are now being worked. At Boghead 
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Fio. 12. — Sections of Lower Stlnson coal (Kentucky No. O). 1, Hill east of Grayson; 
2, George Armstrong, 2 miles southeast of Grayson ; 3, Robin Run, 2 miles southeast 
of Grayson ; 4, John Crawford, Robin Run ; 5, 6 (measured by G. H. Ashley) ; 7-9, 
Kentucky Cannel Coal Company, Boghead, Ky. ; 10, 11, Kentucky Cannel Coal Com- 
pany, Hunnewell mine ; 12, David Childers, Everman Creek. Scale, 1 inch — 5 feet. 

it is of about the same thickness, but at one point Doctor Ashley meas- 
ured 27 inches of cannel, separated near the middle by a brown slate 
or clay parting 5 inches thick. George R. Hislop, of the Paisley 
Gas Works, Paisley, Scotland, has examined the cannel coal from 
the Boghead and Hunnewell districts. Of the former he says : "A 
sample of this coal representing the entire product of the seam is 
black and possesses a yellowish-brown streak and high luster. The 
fracture is slaty, coarse, and dull, with impressions of stigmaria, 
while in cross fracture it is conchoidal, with coatings of fire clay on 
the natural partings [joint planes presumably]. It is very compact 
and cohesive. On the fire it partially and slightly intumesces. The 
color of the ash is brown. It is well defined in stratification and is 
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of very uniform density.'' His report on the Hunnewell cannd coal 
is as follows : " The coal is black, possesses considerable luster and 
yellowish-brown streak. The fracture is slaty, coarse, and partly 
semiscalariform, with numerous impressions of stigmaria. The cross 
fracture inclines to conchoidal, with deposits of calcium carbonate, 
clay, and iron bisulphide [pyrite] on the natural partings [joint 
planes]. It is massive, compact, and very cohesive. On the fire it 
does not intumesce. The color of the ash is pale brown. It is well 
defined in stratification and of very imiform composition and 
density." 

Both the Boghead and Hunnewell cannels were analyzed and sub- 
jected to practical tests by Mr. Hislop, with the following results:* 



Results of tests of Kentucky cannel coal. 



Boe- 



welL 



Specific gravity 

OHEMIOAL ANALT8RS. 

Moisture expelled at 212" F percent.. 

Volatile matter do 

Fixed carbon do 

Ash ^ do 

Solpbur ^do — 

GASEOUS PBODUOTS. 

Gai per ton of coal at 00" F. and 80 inches barometer cable feet.. 

Gas from 1 cobio foot of coal do 

Specific gravity of the gas ..air 1,000.. 

Hydrocarbons absorbed by bromine. percent.. 

DurabUity of 1 cubic foot by 5-inch Jet flame minutes.. 

Value of 1 cubic foot of gas in sperm grains.. 

Value of gas from 1 ton of coal in sperm pounds.. 

niuminating power of gas in standard candles candles.. 

Sulphurated hydrogen (H«8) in foul gas percent.. 

Oarbon dioxide (OO2) in foul gas ._ do 

Carbon monoxide (CO) in foul gas do 

Sulphur eliminated with volatile products pounds.. 

LIQUID PRODUCTS. 

Tar per ton of coal gallons.. 

Ammonfacal liquor per ton of coal do 

Strength of ammonfacal liquor _ 'Twad.. 

Hygrometric water per ton of coaL gallons.. 

Aqueous absorbent capacity of coal (determined by complete satura- 

SOLID PBODUOTS. 

Ooke per ton of coal pounds.. 

Oarbon in the coke per cent- 
Ash in the coke do- — 

Sulphur In coke per ton of coal pounds.. 

Heating power of 1 pound of coke (water from boiling point into steam), 
pounds 



1.175 



1.21 
54.9i 
S5.17 

8.08 
M 



14.76C 

641.S7 

700 

15.SS 

»l 

015.60 

2,158.72 

88.15 

1.26 

2.50 

7.00 

9.85 



20.84 
4.48 
4.00 
2.71 

1.85 



072.88 

81.40 

18.00 

4.08 

U.18 



1J15 



2.7S 
47.2S 
4S.tf 

M 



14.288 
488.44 
644 
14.2S 
6811 
848.12 

i,mM 

8S.1S 
1.T5 
2.» 
6.9 

12.tt 



80.12 
ll.Sl 

t.m 

6.14 
2.80 



1.108.81 
88Jt 

u.a0 

7.84 
12.28 



In summarizing the properties of these cannels Mr. Hislop makes 
the following statements. Of the Boghead cannel he says: 

This is an exceedingly rich cannel coal, yielding, as it does, an lUamlnatiBf 
equivalent of 2,158.72 pounds of sperm candles per ton, while the coal oontalns 
a very small percentage of water and a moderate amount of sulphur. Tills 

•Mr. Hislop's results were kindly furnished by Mr. S. G. Bates, of the 
tacky Railway. 
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coal will be found a valuable one for the enrichment of inferior gaaes. Com- 
pared with main Lesmahagow cannel coal, represented by 100 (calculated on 
the basis of a production of 13,000 cubic feet of gas and 1,535^ pounds of sperm 
per ton, and having regard also to the value of secondary products and the cost 
of purification of the gas), this coal is equal to 134.03. 

Of the Hunnewell cannel coal he says: 

This Is a remarkably rich cannel coal; it is easily distilled, yields a large 
volume of 35.15 candle gas, and affords 9.9 -hundredweight of coke per ton of 
medium quality, and quite available for heatings in furnaces or producers in 
combination with that from a bituminous coal. The coal contains about the 
average amount of sulphur, but a very small per cent of water. Compared 
with main Lesmahagow cannel coal, represented by 100 (calculated on the 
basis of production of 13,000 cubic feet of gas and 1,535.5 pounds of sperm per 
ton, and having regard also to the value of secondary products and the cost of 
purification of the gas), the coal is equal to 111.23. 

In the Kentucky State mine inspector's report for 1899* there 
are some interesting comparisons given between other cannel coals 
of Kentucky and certain type cannels of Great Britain. The Bog- 
head and Hunnewell cannel coal compares favorably with these, as 
will be seen from the following table: 

Resvlta of testa on cannel coals of Great Britain and Kentucky, 



Location. 



Gas per ton 
of coal (cu- 
bic feet) 



OBKAT BRITAIN. 



Lesmahagow 

Tme Boghead 

New Battle 



KENTUOKT. 



Fallinf Rock 

Bear Creek 

PlneviUe Goal Oo. : 

Boghead. Bell County 

WUIaford- 

Kentucky Cannel Co . : 

Boghead, Carter County 

Hunnewell, Greenup County.. 



13.201 
13,155 
12,461 



14,210 
14,680 

15,806 
15,835 

14.752 
14.260 



niuminat- 
ing power 

of gas 
(standard 
candles). 



S4.52 
38.22 
35.84 



86.15 
41.24 



96.26 
44.55 



38.15 
35.18 



Value of 
gas from 1 
ton of coal 
(pounds of 

sperm) 



1,562.00 
1,723.00 
1,509.00 



1,761.51 
2,060.00 

1,964.87 
2.418.68 

2.158.72 
1,725.86 



Coke per 
ton of coal 
(pounds). 



1.010 
1.801 



1,178 
995 

1.069 
995 

972.83 
1.108.35 



With main Lesmahagow cannel coal as 100 (calculated on a basis of a pro- 
duction of 13,000 cubic feet of gas and 1,535.5 pounds of sperm per ton, and 
liaving r^ard also to the secondary produces and the cost of the purification of 
the gas) — 

Falling Rock cannel is equal to 112.07 

Bear Creek cannel is equal to *- 187. 11 

Pinevllle WiUaford cannel is equal to 148. 81 

Kentucky Cannel Company's Boghead cannel is equal to 134. 03 

Kentucky Cannel Company's Hunnewell cannel is equal to.. 111. 23 

The figures and analyses given above need hardly any comment. 
They indicate that the cannel coals of this district now worked by the 

• See pp. 111-115 of that report 
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Kentucky Cannel Company are of the highest grade, the only hin- 
drance in mining being the moderate extent of the territory underlain 
by them, in which respect they are like most other cannel coals. 

DANLETTON COAL. 

EfxtenL — About 60 to 70 feet below the Hunnewell cannel coal is 
a bed which has been dug near Hunnewell and which outcrops on the 
hill on Cane Creek to the south. It also occurs in the hill 2 miles 
southeast of Grayson in a similar position, but locally at a greater 
interval below the Lower Stinson coal. About Hunnewell it is called 
the " clod seam," but it can not be positively stated that this is the 
" clod seam " of the Danlejrton-Argillite district. The presumption 
is strongly in favor of their identity, but at the time of visit the 
opening at Hunnewell had fallen shut and the coal could not be seen. 
It is probable that the bed occurring near Hunnewell about 110 feet 
above the road is the Danleyton b^ni, as the two are characteriaed 
by an unusually massive underlying sandstone, and their distanoe, 
100 feet below the base of the Homewood, is about the same. N«yr 
Hunnewell depot, about 30 feet below this bed, is a 10-inch coal whid) 
is probably not workable in this district, and on Turkey Fork a small 
4- to 5-inch bloom was seen about the same distance above it It is 
possible that these coals are those reported by Moore as occurring 
above Crandall's No. 1 coal *» near Eaccoon, Buffalo, and Laurel fur- 
naces ; hence the coal under discussion would properly be called Na 2 
in the series of workable coals in this region. The difficulties in the 
way of correlating this coal bed with a coal bed west of Little Sandy 
River are many. East of Little Sandy Kiver, on Culp Creek, Turkey 
Fork, and Cane Creek, the position and relationship of this coal are 
fairly clear with reference to the key rocks at the top of the Potts- 
ville and at the base of the Allegheny. West of Little Sandy River 
the latter beds are generally absent from the hills, hence there is noth- 
ing definite to tie to except the Sharon conglomerate, which is some- 
what scanty in its areal distribution.^ It is believed, however, that 
this bed is not of any great importance west of Little Sandy River, a 
conclusion similar to that reached by Crandall. 

Development. — East of Little Sandy River it has been opened (m 
many farms near Argillite, but never has been shipped, so far as 
known. A description of the coal in this immediate region has been 
given on page 82. Farther south, in the hills along the Eastern 
Kentucky Railway, it is present, and has been opened on Turkey Fork 
and near Hunnewell,*^ 110 feet above the county road. The bloom 
of this coal shows on Black Branch of Little Sandy, east of Pactolus, 

• Kentucky Geol. Survey, vol. C, 1884, p. 16. * Idem, p. 46." • See p. 82, 
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and in general on all the county roads east and southeast of Grayson 
ascending the small creeks to their sources. On Upper Stinson Creek, 
near Stinson, a coal, presumably the Danleyton, lies 100 feet below 
the old workings of the Lexington Carter Company, which has been 
reported as working the Upper Stinson or No. 4 coal. This would 
make the coal come about 70 feet below the Lower Stinson cannel 
coal. It has been pi >spected at this point, and was reported 22 inches 
thick with two partings. A small coal 20 to 30 feet above it occurs 
here similar to that on Turkey Fork. 

West of Little Sandy River the first coal bed of any importance 
above CrandalPs No. 1 on Barrett Creek, being thus No. 2 of the 
Kentucky series, is found about 120 feet above the top of the Sharon 
conglomerate. It is approximately 60 feet, or slightly more, above 
Crandall's No. 1 of this region, and about the same interval, or 
sli|^tly more (70 feet) , below No. 3 coal. West of Little Sandy River 
this coal is usually present, but, like the first workable coal bed 



1 



3 

I 



Pio, 13. — Sections of Danleyton and Barrett" Creek coals. Danleyton coal: 1, 2, Ever- 
man Creek. Barrett Creek coal : 3, George Everman ; 4, John Duley, Wolfpen Branch of 
Everman Creek; 5, A. J. Womack, Right-hand Fork of Everman Creek; 6, Near Sa- 
maria, Lost Creek. Scale, 1 inch => 5 feet. 

above, it is opened at so few points that a good idea of its character- 
istics can with difficulty be obtained. Two openings on Everman 
Creek were visited, but the coal is so badly broken by bone partings 
as hardly to be valuable. Sections 1 and 2, fig. 13, show the coal as 
measured. It should be added that these sections were measured near 
the outcrop, where the true character of a coal is sometimes obscured. 
At the bank of David Childers, where the second section was ob- 
tained, it was reported that there are 3 feet of coal. At the time of 
the writer's visit in October the owner had not begun to dig his winter 
supply of fuel and the inner workings were not accessible. It is 
questionable whether this bed will add much to the coal resources of 
this district. 

BABBETT CBEEK COAL (NO. 1). 

Extent and development, — ^The next lower workable coal corre- 
sponds to No. 1 of the Kentucky Geological Survey. In Crandall's 
general section this coal is placed about 40 feet above the top of the 
Sharon conglomerate, which is practically the same position as is 
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given to it in the writer's general section. (See PI. IV, p. 28.) It is 
about 60 feet below the next higher workable coal, but its position 
with reference to the Sharon conglomerate where this bed is preswit 
will serve in most places to identify it. Crandall has stated that 
" it appears to be the equivalent of the Jackson Shaft coal in Ohio."* 
This is perhaps placing the equivalent of that Ohio coal a little too 
high in the Kentucky series,. for the coal associated with the bla<^ 
shale lying within the Sharon conglomerate on Everman Creek ap- 
pears to contain a fossil flora similar to that of the Jackson Shaft 
coal of Ohio, and hence is probably more nearly the stratigraphic 
equivalent of the Ohio coal than the bed 50 to 60 feet above the top 
of the Sharon. 

The coal has been developed on Barrett Creek at many points. It 
has also been opened on Wolfpen Branch and Righthand Fork of 
Everman Creek. On Canes Creek, about 2^ miles west of Hopewell 
station, it has been opened by Marion Smith, and though reported 
thin it is of excellent quality for smithing purposes. On Lost Creek 
near Samaria it has been opened on the land of Mr. Stevens. Its 
bloom also shows on Oldtown Creek and its north fork. It is present 
in all the hills in this district west of Little Sandy River and will be 
found in workable thickness, at least for local use, over a broad area. 

East of Little Sandy the coal is not so extensively distributed above 
drainage level owing to the eastern dips. Between Argillite and 
Laurel it appears as a small bloom at a few points on the county road 
along the Eastern Kentucky Railway, but has not been opened, so far 
as known. It is probably this coal which is opened at a few points on 
Cane Creek south of Hunnewell, where it is about a foot thick. 

Character. — ^The sections in fig. 13 give an idea of the thicJnieRs of 
the Barrett Creek coal. The sections show that it is comparatively 
thin, and, though usually of workable thickness, at many points it 
falls below what might be regarded as commercial requirements for 
this region, namely, 2 feet. It consists at most points of two benches, 
an upper carrying from 1 to 2 feet of coal, and a lower, usually 
thinner, ranging from 2 inches to a foot. It has near its base a day, 
shale, or bone parting, in places 6 inches thick. Crandall * reports 
this coal bed as being at Raccoon furnace, just north of the northwest- 
em corner of this area, about 30 inches thick; near Buffalo furnace 
on Claylick Creek 3 feet, with a clay parting near its middle; and 
near Hopewell station 3 feet. The coal is, for the most part, of the 
soft bituminous type, but in some places the lower bench is hard and 
splinty. Mr. Ashley observed a thin cannel bench at the top of the 
upper bench on Lost Creek. The coal is regarded as of very high 
grade for local and smithing purposes. 

• Kentucky Geol. Survey, vol. C» 1884, p. 11. * Idem. pp. 11-18. 
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LOWER COALS. 

About 60 to 60 feet below the Barrett Creek coal occurs a single 
small coal bed and in places a second coal a few feet still lower. 
These aire thin beds lying near the top of the Sharon conglomerate, 
and possibly the lower coal is within the stratigraphic equivalent of 
the Sharon. Where only one of these coals is present it is impossible 
to tell which of the two it is. One of these coals was exposed in an 
excavation below the post-office at Grayson and appears at several 
points on the county road south of the town. It was opened in the 
bed of Town Branch to the west It rests directly on a thin bed of 
quartz or quartz-like micaceous sandstone, not over 5 to 6 feet thick, 
which is a fairly persistent stratum in the immediate neighborhood of 
Grayson, The two coals near the bridge over Little Sandy River, 
east of Grayson, are probably equivalent to the coals just mentioned 
south of the town. They also are too thin to work at this point. In 
the valley of Upper Stinson Creek directly east of Grayson two coals 
show just at the foot of the hill to the left of the road going east, and 
at the edge of the meadow the lower of these coals is 20 inches thick 
and has a bone floor and a shale roof. The fossils collected by Mr. 
White were not distinctive. Near the north end of the tunnel of the 
Eastern Kentucky Railway, south of Hopewell, this coal shows, but 
here also is too thin to work. The coal was also noted east of Pactolus 
on the hills near Black Branch, where it is too thin to export, though 
it is of some local importance. 

The lowest coal of importance in this region occurs within the 
Sharon conglomerate itself. The dual character of this sandstone 
member is shown on Everman Creek near its junction with Wolf pen 
Branch, where a black shale is present 15 to 20 feet below its top. 
In places this shale is coal bearing, and the thin coal found in this 
position at the farm of John Duley farther up Wolfpen Branch is 
regarded by David White as the stratigraphic equivalent of the Jack- 
son Shaft coal of Ohio and the Sharon of Pennsylvania. This coal 
has also been worked on Barrett Creek almost at water level. Oppo- 
site the residence of L. D. O'Roarke 6 inches of coal shows. The 
coal has been opened farther up the creek, where the county pike 
turns over the hill to Everman Creek. On Canes Creek the Sharon is 
irery massive, and this coal again appears but is only 6 inches thick, 
lake the other coals below No. 1, this is too thin to be conmiercially 
valuable. 

BXtTEIOT TBIBITTAaT TO BOTrTHEBK TEBXUnrS OF EABTEBH XEVTtrOXY 

BiJLWAT. 

EXTENT. 

The district, including approximately the southwestern quarter of 
tJie quadrangle, contains in its northern part the southern 8 miles of 
tlie Eastern Eentuc^ Railway, passing tiirough WiUar(^]^j^ding 
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at Webbville. Nearly all the lumber, staves, and country merchandise 
shipped out of this region go via this railroad, hence the reason for 
applying the above title to it. It includes all of Elliott County within 
the Kenova quadrangle, the extreme western part of Lawrence County, 
and a very small portion of southern Carter County. 

gbologyT 

STRATIGRAPHY. 

The Conemaugh, Allegheny, and Pottsville formations are rep- 
resented in this district. In the northern part, east of Willard, in 
the deepest part of the basin, the surface is entirely made up of 
Conemaugh rocks. Immediately west of Willard and in a few iso- 
lated areas on the hilltops west of Dry Fork, Conemaugh rocks out- 
crop. A good idea of the character of this group of rocks may be had 
by climbing the hill east of the mouth of Thompson Fork or ascending 
Lost Branch, Belle Trace Creek, Beetree Fork, or Straight Creek east 
of Denton. Between 300 and 400 feet of the Conemaugh is shown, 
consisting of sandstones, shales, limestones, iron ore, and coal streaks. 
The coal in this formation is too thin and pockety to be of any im- 
portance except locally. There are at least three or four thin beds 
of limestone, the most persistent being a siliceous bed 4 to 5 feet thick 
lying near the base of the Conemaugh, about 180 feet above the Coal- 
ton coal as measured at Willard. This limestone and possibly the 
higher beds might be used locally as a source of fertilizer. The lower 
limestone probably corresponds to one of the Cambridge limestones 
of the Ohio geologic section. There are some rather massive sand- 
stones scattered through the group of rocks, notably in its lower 100 
feet. Some of the sandstone appears to be good enough for building 
purposes. 

The Allegheny formation is in this district, as usual, the most im- 
portant from an economic standpoint. A section measured west of 
Willard gives a fair idea of the sequence of the coal beds in it. It 
must not be understood that all the coals observed in this section will 
appear in the Allegheny, in other parts of this district, for the forma- 
tion is somewhat variable. As an instance of this, on the west side of 
the hill where the following section was measured the formation had 
thinned somewhat, and, though the exposures were fairly good, fewer 
coals were found in it. 

Section in hill west of Willard, Carter County.^ 
Top of hill. Feet 

Sandstone, massive, and sandstone debris 45 

Limestone, massive, drab, fossillferous (Cambridge Hme- 

stone) 4-5 

Partly concealed with sandy debris and sandy shales 60 

• This sectiOD repres^ts the average of two distinct barometric determinaUont. 

o 
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Feet. 

Sandstone, massive, white to light brown 25 

Coal bloom No. 9 (top of Allegheny). 

Fire olay 2-3 

Shale, sandy, and shaly sandstone 20 

Coal bloom No. 8. 

Concealed and sandy 15 

Limestone, yellow 1^4- 

Shale, drab 15 

Coal (workable) No. 7. 

Sandstone, laminated 20 

Ore, limestone. 

Concealed 10 

Coal bloom No. 6. 

Shale (fire clay at top) 15 

Coal, two small blooms 6 inches apart. 

Shale and fire clay 20 

Coal bloom No. 5. 

Sandstone, laminated 10 

Sandstone, massive (Homewood) 30 

Coal bloom (coal has been worked). 
Fire clay. 

Sandstone and shale 15 

Coal bloom (coal has been worked). 

Sandstone 10± 

Base of hill. 

The Allegheny formation ranges in this district from about 120 
feet to possibly 200 feet in thickness. In places it may even be thin- 
ner than 120 feet. It includes at least three valuable coal beds work- 
able at different points, at least one valuable fire clay, and iron-ore 
deposits, but the bulk of it, as usual, is composed of sandstone and 
shale. It forms the surface in a more or less irregularly curved strip, 
which follows the direction of the contour lines from Straight Creek 
to the southwest and then trends southeastward to the limits of this 
district. Many of the hilltops west and south of the main Allegheny 
belt are formed by this group of rocks. Roughly, it covers about one- 
third of the surface in this district. 

The lowest, formation present in this district is the Pottsville. In 
places it is between 500 and 600 feet thick, and it is prevailingly 
sandy throughout, though containing some shale beds. Its two most 
prominent members are the Homewood sandstone near the top and 
the Sharon conglomerate near the base, each of which attains in many 
places a thickness of 100 feet of very massive rock. The Homewood 
member is broadly distributed ; the line oi outcrop of its top, if repre- 
sented on the map, would coincide very closely with the red line which 
indicates the outcrop of the fire clay associated with the Vanport 
(" Hanging Rock ") limestone. The Sharon conglomerate appears 
in the valley of Little Sandy River, along Brushy, Hood, and Upper 

47008—08 7 ^ , 
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and Lower Laurel creeks, and on Field Branch. Roughly, this for- 
mation covers perhaps about one-half of the surface in this district. 
The Pottsville formation is of importance economically, containing 
coal beds locally workable and at some points cannel coals. It also 
contains iron ore, fire clay, and sandstone of value. These beds are 
described in detail imder the appropriate headings. 

STRUCTURE. 

The structure of this district is more involved than that of any of 
the districts previously described. The synclinal trough which trav- 
erses the quadrangle from northeast to southwest begins to die out in 
the vicinity of Willard and Webbville. Between these two towns the 
basin rises sharply toward the west. About Webbville and to the 
south the beds are generally inclined to the north and northeast ; about 
Willard and to the north the pitch to the southeast is very sharp. 
Near Daniels Creek the Homewood sandstone thickens abruptly 
toward the west, giving rise to a slight dome in the rocks lying on the 
top of this sandstone and to a slight depression or basin as it becomes 
thinner again toward Cherokee Creek. West of Cherokee Creek the 
structure is not marked, though there is a gradual westward rise of 
the beds. About the town of Blaine the beds dip more sharply than 
at any point in the area, and at the bridge over Hood Creek apparent 
dips range from 11° to 24° in a nearly due north direction. Mr. Ash- 
ley discovered two minor faults in the hills east of Blaine, but they 
are of small magnitude, and a short distance away the beds can be 
traced continuously. 

THE COALS. 
CONEKAUGH COALS. 

The blooms of a few coal beds show wherever any considerable sec- 
tion of the Conemaugh formation is exposed. A small coal bed oc- 
curring within 10 feet of the bottom of the Cambridge limestone 
appears to be fairly persistent and has been dug for local use near the 
head of Belle Trace Creek, Jordan Fork, and Straight Creek. This 
coal is not commercially valuable. 

ALLEGHENY COALS. 

UPPER COALS. 

The two upper coals of the Allegheny formation outcrop at many 
points in this district, but apparently are too small for exploitation. 
In the section in the hill west of Willard (pp. 96-97) these two coals 
appear, the No. 8 or Hatcher coal about 32 feet above the Coalton, 
which has been dug into along the roadside, and the Zelda or No. 9 
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coal about 25 feet higher up. The intervals in this vicinity are ap- 
parently much less than those prevailing along Ohio River. At the 
head of Thompson Fork and the tributary flowing into it from the 
north the Zelda coal is thick enough to be worked for local use, and 
the following section was measured near the head of the main fork. 
(See also section 1, fig. 14.) 

Section of coal A'o. 9, near head of Thompson Fork. 

Sandstone. inches. 

Bone 8 

Coal ^>. 26 

Fire clay. 

COALTON COAL (NO. 7). 

Geologic position. — In the northern part of the district the Coalton 
coal is of considerable economic importance. Its occurrence here is 
merely the southwestern continuation of this coal in the Chesapeake 
and Ohio Railway district. About Willard it is found at 65 to 90 
feet above the top of the Pottsville. The former measurement was 
obtained in the hill west of the town; the latter is the more usual 
interval. The coal bed occurs 50 feet above the fire clay at the Van- 
port limestone horizon at the north end of the town, about 30 feet 
above the Winslow coal, and 180 feet below the Cambridge limestone. 
Owing to the persistence and broad distribution of the Cambridge 
limestone it will serve as an excellent base from which may be calcu- 
lated the depth below the surface of the Coalton coal well up on the 
headwaters of the numerous smaller creeks flowing into Little Fork. 
It is quite possible that deviations from the interval measured at 
Willard will be found. 

Ewtent and development. — About Willard and north of Webbville 
the Coalton coal has been opened and worked at many places. In 
this vicinity it outcrops well down in the hills so that tipples may be 
conveniently run out to the main line of the Eastern Kentucky Rail- 
way or to short spur tracks. It outcrops in the hills between Straight 
Creek, Belle Trace Creek, and Lost Branch, disappearing below 
drainage level on Lost Branch near the mouth of Crooks Creek. A 
large body of valuable coal still remains untouched in these hills, 
and east of the points where it goes below drainage level no shafts 
have ever been sunk to reach it. Numerous country banks show this 
coal to be of fair thickness to points about a mile above the mouth 
of Belle Trace Creek and about a mile above the mouth of Lick 
Branch, west of Willard. South of Webbville the coal is present in 
the hills along Caney, Dry, and Equal forks, rising to the south. 
It has never been opened in this region. West of Dry Fork and 
Cherokee Creek the rise is so great that the coal is found only 
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near the tops of the hills, and consequently in small bodies. It is 
found in the ridge between Equal Fork and Blaine Trace Branch 
and to the west in the ridge between Little Fork and Blaine Trace 
Branch, where 3^ feet of cannel coal is reported ; it is present also 
in the hills north of Hurricane Creek. West and northwest of Wil- 
lard the beds rise so steeply that the Coalton coal is present only 
here and there in the tops of the highest hills, as, for instance, at the 
head of Field Branch and Johns Branch. 
. The center of development of this bed lies about Willard and 
Webbville and at or near the mouth of Lost Branch, Lick Branch, 
and Belle Trace Creek. The only large commercial operation on 
this bed is that of the Eastern Kentucky Railway on Lost Creek. 
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Fio. 14. — Sections of Zelda and Coalton coals. Zelda : 1, Head of Thompson Pork. Cotl- 
ton: 2, East Kentucky Railway mine, Partloe (Mayapple post-offlee). Lost Branch; 3. 
James H. Williams. Lost Branch ; 4, A. E. Fauson, Lost Branch ; 5, southern part of 
willard; 6, east of Willard; 7, cast of Willard (Ashley) ; 8, 9, month of Belle Tra» 
Creek ; 10, on Little Fork, north of mouth of Lick Branch ; 11, near mouth of Lick 
Branch, west of Willard. on small tributary from the north ; 12, Lick Branch, west ot 
Willard; 13, head of Davies Branch (Ashley). Scale, 1 Inch ^ 5 feet. 

This company formerly mined this bed on an extensive scale south 
of Willard, but at present all the old mines are shut down. From 
the economic map an idea of the extent of this coal above drainage 
may be readily obtained. 

Character. — The thickness of this coal may be seen from the sec- 
tions in fig. 14. It will be noted that the coal shows great uniformity 
in its division into benches and also in the thickness of the* 
benches, and, though not indicated in the figures, the character of 
the coal in the different benches is also uniform. On Lost Branch aini 
at the head of Davies Branch where measurements were made thrw 
benches are developed (sections 2, 3, and 13, fig. 14.) The top bench 
is from 4 to 7^ inches thick and is not worked. In the immediate vi- 
cinity of Willard only two benches were noticed (sections 5, 6, and 
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7, fig. 14). The upper bench is about 2 feet thick, grading into bony 
coal at the top ; the lower bench is usually a little more than a foot 
thick and is separated from the top bench by an inch or two of clay 
or shale. Near the mouth of Belle Trace Creek the upper bench 
seems to thin considerably and to range where measured from 15 to 
20 inches in thickness (sections 8 and 9, fig. 14), and the lower bench, 
which is about 16 or 17 inches thick, is comparable in thickness with 
this bench near Willard. On Lick Branch, west of Belle Trace 
Creek, the sections obtained are about the same as those seen on the 
latter stream. The total thickness of these two worked benches 
rarely reaches 45 inches and averages most commonly about 3^ feet. 
From 40 to 45 inches of workable coal in the upper two benches may 
therefore be considered a maximum for this bed. From these thick- 
nesses it thins out to nothing at some places where rolls in the roof 
and horsebacks occur. 

The roof is as a rule fairly massive shale of variable thickness, 
usually capped by a very massive sandstone. The immediate roof 
is generally bony coal. The foreman of the Eastern Kentucky 
Bailway mine at Partloe reports that the roof gives little or no 
trouble. Falls are rare, but posts are used. The floor is clay, but 
so far as known it is not mined for economic purposes. 

The coal is bituminous. The upper bench is soft and full of 
charcoal partings; the lower bench is hard and splinty. Both are 
worked and shipped, the bone and clay partings being picked out 
by hand. Mining is fairly difficult. 

The composition of this coal is illustrated by the analyses given 
on page 71. These figures are for the most part those of coals col- 
lected in the region about Rush, but analyses 11 and 12 represent 
samples collected from Lost Creek and west of Dry Fork near Wil- 
lard and may be taken as typical of the coal in this vicinity. The 
application of this coal to iron making has been treated at some 
length in the discussion of its chemical character in the Chesapeake 
and Ohio Railway district (pp. 70-73) and will not be considered 
further here. It is not a coking coal, the output of the Eastern 
Kentucky Railway mine at Partloe being used exclusively along the 
railway for steaming and domestic purposes, for which it is admirably 
adapted. 

WINSLOW COAL (NO. 6). 

Extent and development. — The next lower coal corresponds with 
coal No. 6 of the Kentucky series and has been described in the sec- 
tion on the Chesapeake and Ohio Railway district under the name 
Winslow coal, owing to its fairly extensive exploitation at Winslow. 
Here, as in the district just referred to, it occupies a position between 
the Coalton coal above and the Vanport (" Hanging Rock ") lime- 
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stone below. In the district north of Daniels Creek, Lawrence 
County, and on the ridges east and west of Blaine Trace Branch 
and at the head of Ison Creek, EUiott County, it is usually from 
45 to 60 feet above the Yanport limestone, and as this limestone 
is very near the top of the Pottsville or Homewood sandst<Mie, the 
same interval may serve also when the coal is referred to the latter 
horizon. About Willard, near the fire-clay mines in the northern 
part of the town, the smut of this bed was noted about 20 feet above 
the fire clay associated with the Vanport limestone and about 30 
feet below the Coalton coaL West of the town it is about the same 
distance below this coal and above the Vanport limestone. Its 
identification in and about Willard is easy, as the red limestone ore 
overlying the Vanport limestone has been extensively worked at 
this place in the past. The coal is broadly distributed. 

Though it outcrops in all the hills about Willard, it has never been 
worked and nothing can be stated definitely as to its character. It is 
probably too thin to be of any great value. Its bloom was noted in 
the hills skirting Dry Fork, Equal Fork, and Blaine Trace Branch. 
At the head of Equal Fork and Perkins Branch it is of workable 
thickness, and at a few country banks the coal is being opened. In 
this locality it will repay careful prospecting, for the underlying coal 
also is a most valuable bed, and should the Eastern Kentucky Railway 
be extended southward from Webbville to Blaine it would pass near 
enough to the heads of Perkins Branch and Equal Fork to make the 
coal in this locality of probable commercial importance. South of 
this point very little is known about it, but it should be found in 
the hills northeast of Canes Creek and in the ridges bordering Irish 
and Cherokee creeks. In the hills north of Daniels Creek and west of 
San Branch it has been opened and worked in a small way. On 
Brush Creek, south of the Elliott-Lawrence county line, this coal has 
been opened by J. Porter and is sufficiently thick to be worked in a 
local way. In the hills north of Mount Savage it seems also to be 
fairly persistent. At the head of Ison Creek, west and northwest of 
Stephens, Elliott County, a cannel coal is found about 50 to 60 feet 
above the top of the Pottsville and is referred to this horizon. It 
has been opened by L. A. Clark, W. B.'Boggess, Isom Ison, and others 
in this region. This is the only known occurrence of cannel coal at 
this horizon. Northwest of Willard, near the hilltops at the heads of 
Johns Branch and Field Branch, this coal is present, but the area 
which it covers is small, owing to the steep rise of the beds to the 
west. 

Character. — ^The sections of this coal obtained are so few in num- 
ber that no reliable generalizations can be made regarding its physical 
character. Neither can it be stated that their paucity is an index of 
the thinness or poorness of the coal, for about the head of Equal Fork 
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and Perkins Branch and in the hills west of Dry Fork a considerable 
body of this coal exists in workable thickness. The area underlain 
by it is fairly comparable with that underlain by the Vanport lime- 
stone, which is indicated by the red line on the economic map (PI. I), 
but as the coal lies somewhat higher in the hills its area will be 
slightly smaller than that of the limestone. As judged by sections 
1 and 4, fig. 15, this coal is fairly comparable in this immediate 
locality with the same bed in the Chesapeake and Ohio Railway dis- 
trict. It carries three benches, separated by thin partings of bone 
or fire clay. The two top benches are soft bituminous coal ; the low- 
est bench is hard splint. In this immediate territory the roof is shale 
and the floor clay. Little is known about the coal to the west, except 
along the edges of the quadrangle west and northwest of Stephens 
and north of Fielden. In this region the coal is largely cannel. Sec- 
tions obtained here also show three benches (section 3, fig. 15). This 
coal has been opened in the hill south of Brush Fork by L. A. Clark 
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Fig. 15. — Sections of Winslow coal (Kentucky No. 6). 1, W. M. Clark and A. C. 
Campbell, head of Perkins Branch; 2, 3, head of Ison Creek (Ashley) ; 4, Dry Fork; 
5, ridge between Equal Fork and Blaine Trace Branch. Scale, 1 inch =— 5 feet. 

and W. B. Boggess, and at Mr. Clark's bank it was reported 4 feet 
thick. Nothing is known of its character outside of the inconsider- 
able area bounded by Little Fork, Brush Fork, and Critches Creek, 
and in this district the acreage of cannel coal is not large, owing to its 
{>osition very near the hilltops. It is, however, a valuable cannel 
coal, which will be worked in the future when cheaper transportation 
facilities are obtainable. 

CAT CREEK COAL (NO. 5). 

Extent and development. — The next lower coal is the most im- 
portant coal in this district. It reaches its greatest thickness along 
r)ry and Caney forks and Cherokee Creek and in the hilltops north- 
west of Willard, at the head of Johns Branch. It is the lowest coal 
in the Allegheny formation in this area and closely underlies the 
Vanport limestone. If it were correlated with one of the Pennsyl- 
vania or Ohio coals it would probably correspond to either^e Brook- 
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viUe or the Clarion ; certainly not with any of the Kittanning coals, 
for these are all above the Vanport limestone. In this district 
little difficulty will be experienced in identifying this coal bed. 
Its position 20 feet or so below the Vanport limestone and on or near 
the top of the Homewood sandstone, which along Cherokee, Dry, and 
Caney creeks is very massive, should serve at once to locate it. This 
coal bed without doubt corresponds to coal No. 5 of the Kentuck>' 
Geological Survey. Its occurence in this district may with a fair 
degree of certainty be regarded as the western continuation of the 
coal occurring on Cat Creek, and so this name is used in this district 
It has been carefully prospected in the hills lying about the head 
of Cherokee Creek, Dry Fork, and Equal Fork, and along Caney 
Fork well toward its mouth. It is present in the hills bordering 
Dry Fork and dips rather steeply to the north, disappearing below 
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Fig. 16. — Sections of Cat Creek coal (Kentucky No. 5). 1, J. C. Webb, Caney Fork: 
2, James Bryant, Caney Fork ; 3, Henry Campbell, Caney Fork : 4, J. A. Young, head 
of Cherokee Creek ; 5, James Wheeler, ridge east of Backbone ; 6, 7. James Adams, head 
of Johns Branch ; 8, J. C. Johnson, near head of Equal Fork. Scale, 1 inch » 5 feet 

drainage level before Webbville is reached. The same dip in the 
beds also causes its disappearance below drainage level before it 
reaches the mouth of Caney Fork. It is present in the ridge between 
Blaine Trace Branch and Equal Fork, and where seen near Back- 
bone it is a thick coal bed of excellent quality. Its position is indi- 
cated by a bloom at many places in the ridge lying still farther to 
the west between Little Fork and Blaine Trace Branch. The 
southernmost point where its bloom was seen is in the hills just 
northeast of Blaine, but nothing is known of its character here, A 
large territory is underlain by this valuable coal in the region about 
Caney Fork, in the hills along Dry Fork and Cherokee Creek, in 
the hills between Equal Fork, Blaine Trace Branch, and Little Fork, 
and possibly south of Perkins Branch. Northwest of WiUard this 
coal bed also appears in the hills and has been opened at a few places 
at the head of Johns Branch. At the banks of James Adams (sec- 
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tions 6 and 7, fig. 16) and John W. Barber the coal is comparable 
in thickness with the coal seen at the head of Cherokee Creek. 

No attempt has been made to develop this coal on a commercial 
scale, though the construction of a spur track up Dry Fork is ap- 
parently a simple matter and such a spur would tap a large body 
of coal. 

Character. — ^Measured sections of this coal are given in fig. 16. 
The sections given for this coal on Caney Fork were measured in 
small country banks and very near the outcrop and it is possible that 
they may not represent the true thickness of the coal. As seen on 
Caney Fork, the coal will probably average between 3 and 4 feet in 
thickness. As a rule the roof of the coal here is shale. 

At the heads of Dry Fork and Cherokee Creek and to the west at 
the heads of Perkins Branch and Equal Fork the coal attains its 
greatest development in this district. At the J. A. Young mine, on a 
small creek entering the head of Cherokee Creek from the east, more 
than 4 feet of excellent clean coal was measured (section 4, fig. 16). 
From this mine a large block of coal representing the entire thick- 
ness of the main workable bench was taken to the Louisiana Purchase 
Exposition at St. Louis. At some points in the mine a lower bench, 
less than 1 foot in thickness, is reported, but this is not everywhere 
present. As a rule the roof is shale and the floor is bone passing into 
clay. In the ridge between Equal Fork and Blaine Trace Branch, a 
short distance east of Backbone, Mr. Ashley measured 38 inches at 
a bank owned by James Wheeler. It was reported that the usual 
thickness is 3^ feet. Mr. Ashley also measured 30 inches of coal in 
the ridge west of Equal Fork at the bank of J. C. Johnson, but 3 feet 
were reported to him. 

The Cat Creek is a bright, lustrous bituminous coal, containing 
streaks of harder coal with probably some splinty layers. Without 
much doubt it will serve well for steaming and domestic purposes, but 
its efficiency as a coking coal has not yet been determined. It was 
used to supply the engine running the drill which bored a hole 2,000 
feet deep near J. A. Young's residence at the head of Cherokee Creek, 
and it gave splendid satisfaction as a steam generator. From the 
fact that it separates into rectangular blocks of fair size and may be 
removed from its position in blocks the thickness of the entire main 
bench, it may appropriately be classed among the block coals. The 
following analysis was made by the Kentucky State chemist : 

Analysis of coal No, 5 from J. A. Young's hank at head of Cherokee Creek. 

Moisture 7.04 

VolatUe matter. 36.88 

Fixed carbon 53.72 

Ash 2.36 
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The analysis shows this coal to be of very high grade. The mois- 
ture is rather high, but ash is low. No sulphur is given, but this con- 
stituent was probably not determined, as it is quite certain that some 
sulphur is present. 

Economic aspects. — The marketing of this coal is an important con- 
sideration. The Eastern Kentucky Railway has extended its line as 
far south as Webbville, but under present conditions this does not 
materially help the exploitation of coal at the head of Dry Fork and 
Cherokee Creek. To get this coal to market it will be necessary to 
extend the railroad as far as the head of Dry Fork at least. This can 
be easily and cheaply accomplished, owing to the easy grade and 
absence of sharp curves on Dry Fork. Should the road be continued 
to Cherokee Creek, the divide would probably be tunneled. It may 
not be expedient to do this, for the bulk of the coal could be readily 
tapped by spur tracks from the main line up Dry Fork. It is gen- 
erally understood that the Eastern Kentucky Railway proposes to 
extend its tracks as far south as the town of Blaine. 

r 

POTTSTILLE COALS. 

UPPER 8TINSON COAL (NO. 4). 

Geologic position. — In this district the Upper Stinson coal, though 
widely distributed, can not be classed among the important beds 
except locally. It has been stated that it is the highest coal in the 
Pottsville formation and that it occurs directly below the massive 
sandstone member (Homewood sandstone) forming the top of this 
formation. Its position below the top of the Homewood sandstone 
and hence below the Vanport (" Hanging Rock ") limestone is vari- 
able, depending on the thickness of the Homewood, which Ls ako 
variable. 

About Willard the Homewood sandstone is massive, though not 
more than 30 to 40 feet thick. In the hills bordering Dry Fork and 
Cherokee Creek it seems to be less than 50 feet thick, but to the west 
it is thicker, at. many places from 80 to 110 feet. At the heads of 
Justice, Leadenham, Hilton, and Wells branches and farther south 
in the region about Backbone and north of Stephens it is 110 feet or 
even thicker. South of Backbone and Stephens it becomes thinner 
again. At the head of Wiley, Collier, and Knob branches this mem- 
ber is unusually massive. Thus the Upper Stinson coal occupies t 
variable position with reference to the top of the Homewood sand- 
stone, occurring usually from 40 to 110 feet below it. 

Extent and dex^elopment. — ^The coal is broadly distributed in tht 
district. In its northern part it is present in the hills at the head> 
of Huff Creek and f^ield and Johns branches. An opening belonging 
to Silas Walker west of the head of Field Branch showed this c€«I 
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to be of workable thickness. The section measured is given in fig. 
17 (section 1). On most of the waters of Blaine Creek and Little 
Fork the bloom of this coal bed shows, but few openings on It were 
observed, the presumption being that as a rule it is not workable. On 
Hilton Branch a coal regarded as the equivalent of this coal appears 
to be chiefly cannel. About a mile from the mouth of the branch on 
its north side, about 200 feet above the creek bed, there are two open- 
ings. At the one nearer the mouth of the creek, on the farm of Elijah 
Sturgill, 9 inches of coal were seen with more below, capped by 6 
inches of shale overlain by very massive sandstone. Mr. Sturgill, jr., 
reports the usual thickness of the cannel coal to be about 3 feet with 
less than a foot of bituminous coal overlying it. Farther up the 
creek, on the land of William Corey, a section of the same bed was 
measured, and is represented in section 3, fig. 17. Mr. Corey reports 
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Pio. 17. — Sections of Pottsvillc coals. Upper Stinson coal (Kentucky No. 4) : 1, Silas 
Walker, west of head of Field Branch; 2, northeast of Sarah (Ashley) ; 3, William 
Corey, Hilton Branch. Lower coals : 4, F. E. Holbrook. Right Fork of Blaine Creek ; 
5, A. T. Boggs, Right Fork of Blaine Creek (reported) ; 6, W. H. Lyons, Right Fork of 
Blaine Creek ; 7, I^vi Kitchen, Dry Fork ; 8, head of Leadenham Branch ; 9, J. N. 
Sparks, Halton Branch, west of Fielden (Ashley) ; 10, 11, 12, Robert Green, Halton 
Branch, west of Fielden (Ashley) ; 13, J. M. Green, head of Little Foik, west of 
Sarah. Scale, 1 inch >» 5 feet. 

29 inches of cannel as a maximum. The cannel coal was not seen 
north or south of Hilton Branch. 

The coal in this district, aside from the cannel phase just described, 
is of the usual soft, lustrous character, in many places containing 
bands of harder splint. 

LOWER COALS. 

The next lower workable coal in this district occurs in most places 
160 feet below the top of the Homewood sandstone. It will be found 
in this position along Right Fork of Blaine Creek and on the streams 
which flow into it from the north and on the headwaters of Little 
Fork. Possibly the coal opened by R. T. Berry east of the town of 
Blaine belongs here also. It is a question whether this coal can be 
regarded as the exact equivalent of the Lower Stinson or Torchlight 
bed, but in the sense of its being the second workable coal in the 
Pottsville, counting from its top, it may be called for convenience 
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No. 3. A section obtained in the ridge south of Rockhouse Branch 
showed five small coal beds lying between the coal under discussion 
and what is probably the top of the Pottsville formaticHi. The 
occurrence of so many coals between the so-called No. 3 in this dis- 
trict and the top of the Pottsville is probably not very widespread, 
although it is quite probable that there is more than one coal in this 
interval. These intermediate coals may be locally workable. The 
conditions here present a strong argument against adhering strictly • 
to a system of numerals in correlating coal beds over broad areas. 

This coal, as has been said, occurs 160 feet below the top of the 
Pottsville formation on Right Fork of Blaine Creek. In the north- 
em part of this district it will be found at a less distance frwn this 
horizon, and at the head of Field Branch the interval can not exceed 
80 to 100 feet. Here this coal is not of workable thickness, but it is 
of more than ordinary interest from the fact that it consists largely 
of cannel. A section measured on the farm of Silas Walker showed 
12 inches of cannel underlain by 8 inches of ordinary soft, bituminous 
coal. South of this place a coal, probably the equivalent of this bed, 
has been opened at the head of Leadenham Branch by Jackson Wil- 
cox. The coal here has a shale roof and measures approximately 2 
feet (fig. 17, section 8) . Near Backbone and Stephens it is found near 
the bed of the creek and has been worked on a small scale for local 
supply. No measurements of the coal were obtained in this vicinity. 
On Dry Fork, about 2 miles south of Webbville, it has been opened 
by Levi Kitchen near the bed of the creek, and the section shows 
about 2^ to 3 feet of coal containing small partings of bone in its 
lower half (fig. 17, section 7). This coal is highly esteemed in the 
inmiediate neighborhood for smithing and domestic purposes. South 
of Cherokee it will be found near road level above the massive sand- 
stone outcropping near the bridge over the creek. It has been 
opened at several points in the vicinity of Fielden and Sarah, where 
it is called the " mud seam." On Canes Creek, Rockhouse Branch, 
Knob Branch, Equal Fork, and in the vicinity of Willard sections 
obtained from this coal show it to be badly broken, and, though an 
important source of supply for local purposes, it is a question whether 
a coal with so many partings can become of commercial importance in 
the near future. Except where the coal is of the cannel type, as ob- 
served near the head of Field Branch, in Carter County, it is of the 
same character as the rest of the coals in this district — namely, partly 
splint and partly soft, lustrous bituminous coal. 

The Barrett Creek coal, or No. 1 of the Kentucky series, has been 
opened at a few points on Deer Creek, northwest of Willard, and 
near Rosedale. The coal on Deer Creek shows at the two points 
where measured a somewhat better section than it does on Barrett 
Creek. (Compare fig. 18, sections 1 and 2, with figr^lS, sections 3, 
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4, 5, and 6.) Its position, about 60 feet above the top of the Sharon 
conglomerate, which is prominent along Little Sandy River in this 
region, serves to identify it. . At Mrs. Rebecca Tackett's this bed 
shows 3 feet of clean, bright, lustrous coal with no partings, but at 
the bank of William Herbelan, well up on the east fork of Deer 
Creek, though the coal is still about 3 feet thick, it contains a band 
of bony coal near its top (section 1, fig. 18). The coal opened at 
the mouth of Field Branch is referred to this horizon. It probably 
belongs in the group lying close to the top of the Sharon conglom- 
erate, as is indicated by the section obtained in crossing the ridge from 
Deer Creek to Little Fork. This section again illustrates the objec- 
tions raised in this bulletin to numbering coals. On the west side 
of this ridge at least ten small coal beds appear, any one of which 
theoretically may be thick enough to be commercially valuable at 
some place. On the east side of the ridge seven coal* beds were 
counted, the lowest of which is the one referred to above as outcrop- 
ping near the mouth of Field Branch. This coal has been opened 
by Walter Field, Robert Rucker, and others, the openings being at 
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Fig. 18. — Sections of Barrett Creek coal. 1, William Herbelan, Deer Creek ; 2, Mi*h. 
Rebecca Tackett, Deer Creek; 3, Walter Field, Field Branch; 4, Robert Rucker, Field 
Branch ; 5, R. T. Berry, Blaine ; 6, J. W. Sparks, Sarah. Scale, 1 Inch « 5 feet. 

the base* of the hills, but a few feet above the flood plains. At Mr. 
Rucker's coal bank about 2^ feet of excellent coal appears between a 
shale roof and fire-clay floor (section 4, fig. 18). At Mr. Field's over 
3 feet of clean coal was seen, with a thin body of shale above, capped 
by a good sandstone. Mr. Field reports that some of the coal runs as 
high as 4 feet 4 inches, but that 3^ feet is a fair average. The posi- 
tion of this coal in the hills is such as to suggest the possibility of a 
large body of workable coal, the more so as it is believed that this 
coal may be the stratigraphic equivalent of that opened by Mr. Her- 
belan and Mrs. Tackett to the west of Deer Creek, which is known 
to be fairly persistent and of workable thickness. The position of 
this coal with reference to the railroad is favorable to its easy and 
cheap exploitation, and the slight westward rise of the beds in this 
vicinity should solve in large measure most of the difficulties en- 
countered in the drainage of the mines. 

The coal opened by R. T. Berry, southeast of Blaine and east of 
Hood Creek, may belong at this horizon. It measures 26 inches in 
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thickness and is worked for local use. The coals along Irish Creek, 
near its mouth, are referred to the lower horizons in the Pottsville. 
They are reported workable in one or two places, but the writer was 
not able to verify this information. These lower coals are here and 
there partly cannel. The coal measured by G. H. Ashley near drain- 
age level at Sarah is considered to be near the base of the Pottsville; 
it was reported 28 inches thick, with a 12-inch bench of cannel 8 
inches from its top. 

The coal mined along Brushy Creek is one of the most important of 
the lower beds. It has been referred to at times as No. 1 or the Bar- 
rett Creek coal, but its position with reference to the Sharon con- 
glomerate outcropping along Brushy Creek in the vicinity of Cor- 
dell leads to another interpretation. Below Cordell at the bank of 
A. J. Soard this coal is 180 feet above the top of the Sharon, a much 
greater distance than appears about the town of Blaine, or along 
Deer or Barrett creeks. It is strongly probable, therefore, that the 
coal on Brushy Creek is higher than the Barrett Creek bed. It may 
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Fig. 19. — Sections of coal on Brushy Creek. 1, Two miles east of Blaine; 2, Simpson 
Steele, bead of Brushy Creek ; 3, Isaac Adams ; 4, Garfield Moore ; 5, near mouth of 
Big Branch. Scale. 1 Inch »= 5 feet. 

correspond to No. 2 of the districts to the north, though without 
paleobotanic evidence such long-distance correlations have little value. 
Some of the coal along Brushy Creek contains a thin streak of cannel. 
as at the bank of Garfield Moore. It shows in general about 3 feet 
of coal, partly soft bituminous and partly splint. It appears to be 
persistent in the hills along Brushy Creek to the point where it dis- 
appears below drainage level about three-quarters of a mile above the 
mouth of Big Branch. It is an excellent coal for domestic purposes 
and furnishes all the inhabitants with fuel. The sections of this coal 
measured by the writer, are given in fig. 19. 

TECHNOLOGY OF THE COAL MINING. 

Most of the mines in this quadrangle are small, none employing 
more than 75 men and very few averaging as high as 50 men daily 
throughout the year. The equipment is in most places comparatively 
simple. All the shipping mines are ventilated by means of furnace?. 
and drainage is usually natural, by means of ditches. In a few of 
the mines siphons are used for the drainage, and the occasional iLse 
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of hand pumps is reported. None of the mines were reported to be 
gaseous. In the majority the coal is picked with the ordinary hand 
picks, but machine mining is practiced at the Torchlight mine, Sulli- 
van compressed-air drills being used. 

The width of the entries, the distances at which rooms are turned, 
and the size of pillars left vary considerably in the different mines. 
The main headings are run usually 8 or 9 feet wide, and the cross 
headings are a foot or two narrower. Rooms are turned every 33 
feet or thereabouts and vary in width, but most are from 20 to 25 feet 
wide. The custom seems to be to run the rooms 200 or 250 feet long. 
The pillars left are from 8 to 13 feet wide. 

All the coal is carried from the mines by mules in cars with capaci- 
ties ranging from 1,200 pounds to 1 ton. Most of the mines have the 
larger-size cars, but one mine reports the use of a car with a capacity 
of 1,300 pounds. All the mines are drifts. Most have the ordinary 
cradle tipple, but that of the Torchlight Coal Company is more elab- 
orate, employing a shaking screen. Most of the coal is shipped as 
run-of-mine, but it is sometimes screened to suit the buyer. When 
this is done a small loss, usually not more than 5 per cent, is entailed. 

Nearly all of the coal mined in the quadrangle is shipped to places 
along the local railroad lines. Mu<ch of that mined at Rush and 
Winslow goes to Ashland, where it is used at the furnaces or for 
domestic purposes. That mined on Lost Creek by the Eastern Ken- 
tucky Railway is likewise used along the line or by the railroad itself. 
The cannel mined by the Kentucky Cannel Company at Boghead and 
Hunnewell is shipped abroad, where it is used as a gas enrioher. 
Some of the coal mined at the Torchlight mine is shipped to the 
Pacific coast and other western points. 

STATISTICS OF COAL.« 

The following figures give an idea of the magnitude of the coal 
industry in this area during the last five years. The figures represent 
tons of 2,000 pounds each. 



Coal production in Keriova quadrangle, 1902-1906. 



County. 



Boyd 

Carter 

Miscellaneouii *. 



Boyd -- 

Carter — 

Mifwllan<*ou.o. 



Loaded 
at mines. 


Sold or 

used 
locally. 

Tons. 

870 

13,345 

586 


Total. 


Value. 


Average 

price i>er 

ton. 


Tons. 
241,127 
268.056 
^ 3,686 


Tons, 

241,907 

281,401 

4,272 


$198,479 

286.271 

5.335 


$0.80 
1.01 
1.25 


512,869 


14.801 


527,670 


484.065 


— 


245,491 




245,491 

265,226 

24,263 


220.686 
289.130. 
26.819 


00 


256,321 
22,713 


8,905 
1,550 


1.09 
1.11 


524,525 


10,455 


534.980 


sae.a-Jo 








• Statistics were obtained from the records of the United States Geological Survey. 
•Miscellaneous, in each year, includos I>jiwrence County, Ohio, and Lnwrence County, J^. 
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Coal production in Kcnova quadrangle, 1902-1906 — Continued. 





County. 
1004. 




Loaded 
at mines. 


Sold or 

used 
locally. 


Total. 


Value. 


Averap 

price per 

too. 


Boyd. 




Tom, 
69.067 

241,088 
23,441 


Tona, 
28 
3,942 
1.200 


Tons. 

69,086 
245,080 

24,641 


68.304 
250.384 
36,016 


.84 


Carter ^ _ _ 


1.06 


Miscellaneous. _. _ . 


1. 06 




1905. 








873,606 


5,170 


338.766 


843.704 





Boyd- 


46,642 

138,136 

10,310 


1,762 

7,0M 

100 


48,304 

145,169 

10,410 


87,260 

144.448 

9.760 




Carter 


1.00 


Mlscellaneaus.. 


1906. 




.94 




194,967 8,896 


203.883 


191.458 








Boyd 

Carter 


46.322 2,fi00 

164,482 1 4,206 

5,845 \ 70 


48.822 

158.748 

5.916 


38.540 

144.889 

5.296 


.79 


Miscellaneous.. 


.90 












206,649 t A% 


213,485 


188. 7S4 








ind for 








Production at country banks only < 


local trade. 




County. 




1906. 




190C. 




Tons of 
2,000 

pounds 
each. 


Value. 


Average 

price per 

ton. 


Tons of 

2.000 
pounds 
each. 


Value. 


ATerafiB 

price p«r 

too. 


Boyd. 


616 

2,867 

478 

323 

7,621 


$466 

2,724 

688 

372 

8,668 




3,284 

2.296 

272 


$3,931 




Carter.— ... ... 




2,892 1 


Elliott- 




355 




Greenup.— - 






Lawrence, Ky 




2.612 
2.020 


2.S48 
2.626 




Lawrence. Ohic 













11,800 


12,848 


$1.14 


10,486 


11.561 


H.W 



According to the reports of the State inspector of mines of Ken- 
tucky, the production of cannel coal and of coke from 66 ovens in this 
area for the years 1901 to 1904 was as follows: 



Production, in short tons, of cannel coal and of coke, 1901-1904, 
Cannel coal. 



19C1 11,203 

1902 11, 339 

1903 8, 341 

1904 2, 780 



Coke, 



1901 23,320 

1902 23,075 

1903 22,323 

1904 17,98i> 



CLAYS AND SHALES. 



INTRODUCTION. 



The clays of the Kenova quadrangle will be described by horizoius. 
as some are scattered over the entire area, and the description by dis- 
tricts would involve needless repetition. All the clays of north- 
eastern Kentucky have been deposited by the agency of water and 
are hence called sedimentary clays. They may be divided with re- 
gard to both their age and their adaptability into two classes — (1) 
clays which were deposited in Carboniferous time and are more or 
less closely associated with coal beds, and (2) recent clays, that is. 
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those occurring in the present river and stream valleys. The former 
are by far the more important. For descriptive purposes the clays 
may be regarded as either plastic or nonplastic ; the latter variety is 
also known as flint clay. 

On pages 14-21 of this bulletin will be found a somewhat extended 
description of the beds in which these clays are found and the 
way in which they are classified according to their relative ages. 
The reader is referred to this preliminary description for explana- 
tion of many of the terms used in the following discussion. On 
page 29 also will be found a brief description of the clays, to which 
the general reader is referred. The following notes are intended 
for the use of those who are more particularly interested in the clay 
resources of this region, and hence the description will be given with 
considerable detail and will be accompanied by sections and analyses. 
The columnar section on the economic map will show the position of 
the more important clay horizons. 

CLAYS IN THE CONEMAUGH FORMATION. 

The clays highest geologically are in the Conemaugh formation. 
As a rule the plastic clays in this formation are the under clays of 
coal beds. The Conemaugh coal beds are irregular, both in distribu- 
tion and in thickness, and the same is true of the associated beds of 
clay. Clay has been noted at a few horizons, but it is not worked 
at any place so far as known. 

The shales in this formation are abundant and widespread. So 
far as known these have not been utilized, but it is certain that they 
are adapted to the manufacture of some types of building brick. 
They are present in the hills about Ohio and Big Sandy rivers and 
are conveniently situated With respect to transportation. 

CLAYS IN THE ALLEGHENY FORMATION. 
CLAY ASSOCIATED WITH VANPORT LIMESTONE. 

The clay bed associated with the Vanport (" Hanging Rock ") 
limestone easily outranks all the other clays in the Allegheny forma- 
tion in distribution, quality, and quantity. This clay bed occurs near 
the base of the Allegheny; it usually lies from 10 to 40 feet above 
the top of the Homewood sandstone, or Pottsville formation, between 
coals Nos. 5 and 6. In the absence of coal No. 5 it may lie even nearer 
the Homewood sandstone. 

Extent. — This clay bed is above drainage level at Coalgrove and 
Forestdale, Ohio, but the dip to the east soon carries it below drain- 
age level. It has been opened and worked in the hills both east and 
west of Ashland and also north of Catlettsburg. The dip toward the 
center of the basin causes its disjippearance near the mouth of Big 
Sandy River, and it does not reappear north of Louisa. From 
I>ouisa it occurs in the hills in a great arc. following the outer edge of 
47008—08 8 
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the basin and coming back to Ohio Kiver near Ashland. Its horizon 
is also above drainage level to the east and southeast of Cassville, 
W. Va. 

This economic horizon, the beds at which contain clay, iron ore, and 
lim^one, is indicated on the map (PL I) by a red line. It will be 
understood that the clay is not necessarily workable at all points on 
this line. The flint clay, which occurs in small amount associated 
with the plastic variety, will be found a great help in the field in 
locating these deposits, for, owing to its indestructible character, small 
fragments of the flint clay usually remain near the outcrops. Its po- 
sition near the top of the massive Homewood sandstone should serve 
as an additional help in locating it. 

DevelopmenL — The following firms work this clay: Petersburg 
Fire Brick and Tile Company, Coalgrove, Ohio; Ashland Fire Brick 
Company, W. T. Johnson, and O'Kelly Brick Company, Ashland, 
Ky.; Weaver Pottery Company, Catlettsburg, Ky.; Willard Fire 
Clay Company and Frailey & Rice, Willard, Ky. Besides the mlne^• 
of the above firms, numerous small openings which had been worked 
in the past and many prospects were located by the writer during this 
investigation. 

Physical character. — The clay at the horizon of the Vanport lime- 
stone is plastic, except for the small band of flint clay. The plastic 
clay is of two grades, the high (No. 1), and the low (No. 2). The 
flint clay is of slight economic importance owing to its thinn^s. 
The two following sections, one measured by G. H. Ashley 1 niiJe 
west of Ashland and the other by the writer at Willard, give an 
idea of the associated beds : 

Section of clay hed 1 mile west of Ashland (Ashley). 

Ft. In. 

Sandstone, light brown 20-|- 

Ck)al 2-f- 

Shale, light drab 2 

Clay, light brown C 

Clay, dark drab 1 6 

Clay, drab, with scattered iron-ore concretions (Vanport 

limestone horizon) 2 

Shale, light drab, sandy 1 2 

Shale, drab, ranging up to 8 

Clay, dark drab to black, grading into light drab at mid- 
dle 1 6 

Clay, drab 3 

Flint clay 1^ 

Clay, drab 3 6 

Clay, dark drab, almost black 3 

Clay, drab S 

Four feet from the bottom of the lowest layer is about 1 foot of 
light-drab flint clay, similar to the best of the Pennsylvania flint 
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Section of clay bed at Willard^ Carter County, Ky. 

Ft. In. 

Fireclay 4 

CJoal 4 

Flint clay, bluish (reported) 4 

Clay, dark, plastic 4 

Clay, light, plastic, harder than the above 2 

Vanport limestone: 

Iron ore, red (2 to 4 feet) 1 

Limestone (4 to 6 feet) | 

Flint clay, thin band, formerly shipped to Olive Hill, Ky., 
and to Strasburg, Ohio. 

The Willard section diiflFers from that at Ashland in having the 
workable clay above the limestone, and not both above and below, 
as in the section measured by Ashley and also in a section measured 
by the writer at the clay bank of William T. Johnson west of Ash- 
land. 

Section at the William T. Johnson clay mine, tvcst of Ashland, 

Ft. In. 

Clay, dark 4 

Limestone ore (locally replaced by 4 feet of limestone), 

averaging ^_. 6 

Bone, not always present 2 

Clay, light drab 2 

The clay also occurs both above and below the limestone in the 
opening of the Petersburg Fire Brick and Tile Company at Coal- 
grove, Ohio, and the following section reported to the writer shows 
these conditions: 

Reported section of cla^y bed at Coalgrove, Ohio, 

Ft. in. 

Clay, plastic _ 16-8 

Clay, soft, plastic (No. 2) 5-6 

Limestone 4 

Clay (No. 1) 1 N 

John Peters, president of the company, reports that the beds 
occupy these relative positions for several miles to the west. In the 
eastern part of Ashland, at the O'Kelly Brick Company's opening, 
the following section was measured : 

Section of clay bed at the mine of the O^Kelly Brick Company, Ashland, Ky, 

Ft. in. 

Clay, upper, dark 4 G 

Coal 4 

Clay 3i 

Coal 3 

Clay 3 C 

The siliceous clay given in the section (p. 117) at the base of the 
Allegheny formation near Louisa and Cassville probably belongs 
near this horizon. In the section measured at Cassville mom than i> 
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feet of clay is shown, and in the section on the Chesapeake and Ohio 
Railway about 1 mile north of Louisa about 8 feet of very similar 
material was measured. 

In some places clay at this horizon is suitable for making pottery. 
A section measured by P. N. Moore at Amanda furnace, about 4 miles 
northwest of Ashland, shows a layer of pottery clay. This section is 
as follows: 

Section of clay bed near Anianda furnace. 

Ft. In- 
Soil 1 4 

Clay shale 6 

CJoal L 4 

Clay (No. 2) 3 

Clay, lottery 4 

Clay (No. 1)-, 3 

Limestone ore 8 

Top of Vanport ("Hanging Rock") limestone. 

The product mined near Amanda furnace was shipped to Cincin- 
nati. The only company in this quadrangle using cla^'^ from this 
bed in the manufacture of pottery is the Weaver Pottery Company, 
located near Catlettsburg. Of the 6 feet of clay measured in the 
company's bank only the upper 3^ feet is worked, the lower part of 
the bed being too sandy to give satisfaction. The presence of lime- 
stone pebbles has also caused the company some annoyance. When 
subjected to the baking process the carbon dioxide in the limest^me 
is liberated, causing little particles of the vessel to flake off, and 
thereby either ruining the vessel or making it of second grade. 

Chemical character, — The character and color of the clay in the 
different benches is, as a rule, fairly uniform. The fracture is rather 
irregular, and the clay is somewhat hard, but becomes soft on expo- 
sure and afterward makes better brick. The following analyses 
indicate the chemical character of this clay : 

Analyses of clay associated with the Vanport {''Hanging Rock'*) lime$ione, 

1. 2. 3. 



SUicaCSlOs) - ^ - , 60.64 40.14 1 5«.« 

Alumina (AbOa) ' 26.89 43.72 \ -« -> 

Ferric oxide (FezOa) - 1.76' 1.88 J "" 

Manganese oxide (MnO). - 



Lime (OaO). 

Magnesia (MgO) 

Potash vKaO) -- 

Soda (Na20) 

Water (HaO) 

Loss on Ignition 

Sulphuric anhydride.. 



.58 

.n 

1.85 

.65 

2.06 

7.43 

.12 



101.1© 



12.58 j 14,» 



100.00 1 !«.« 



1. WlUard. Carter County, Ky. Analyslfi made at the structural miiterials t««tli|t 
laboratory. United Staten <ieological Survey, St. Louis. Mo. C. H. Stone, analyst. 

2. Upper stratum of clay at Vanport limestone horizon, Ashland, Kj. Robert Pe*Br. 
unalyst. 

3. Lower stratum of clay in No. 2. 
Analyses 2 and .3 were kindly furnished by the Ashland Fire Brio 
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Applications. — As observed from the sections, most of the clay at 
this horizon is of No. 2 quality. It is used chiefly as a bond in the 
manufacture of fire brick and to a less extent for blast-furnace cru- 
cibles, boshes, coke-oven brick, etc* For the first-named purpose it 
is used by the brick companies at Ashland and Coalgrove. The 
product mined at Willard is shipped chiefly to Olive Hill, where it is 
mixed with flint clay to make a first-grade fire brick. The Willard 
fire brick is esteemed very highly by the clay men at Olive Hill. 
The Ashland Fire Brick Company has to import flint clay to make 
its high-grade refractory products. To make first-class refractory 
brick 67 to 80 per cent of flint clay is used, depending on the use to 
which the product is to be put, the remainder being plastic clay. 
For second-grade articles these proportions are reversed. It has 
been estimated that probably 500 to 700 pounds (according to the 
way the clay is used) will be sufficient to mak& 1,000 regulation 
9-inch brick, when this clay is used alone as a binder. Its use in the 
manufacture of pottery has been referred to. 

OTHER ALLEGHENY CLAYS. 

Near North Kenova, Ohio, a clay was worked thirty years ago and 
hauled to Burlington and South Point, where it was used in making 
pottery. The old clay mines are now entirely fallen shut. The clay 
is 25 feet above No. 8 coal and directly below a massive sandstone, 
thus occupying a position near No. 9 coal. This correlation is 
strengthened by its distance of about 85 feet above the Sheridan 
coal. This is the only known occurrence in the area of a workable 
clay at this horizon. 

At Cassville, W. Va., a flint clay has been prospected at a horizon 

lower than the above, in the hills north of the depot, by Frank Yates, 

of Louisa. It is found at an elevation of about 80 feet (barometric) 

above the tracks of the Norfolk and Western Railway, and about 100 

feet below the base of the massive Mahoning sandstone near the top 

of the hill. 

Section of Yates clay pit, Cassville, W, Va, 

Cliff of brown, flne-Rrained, argillaceous sandstone. i*^©©*- 

Shale, olive drab 5 

Clay, drab, with numerous nodules of iron or lime, 2 to 4 

inches In diameter, and distributed in lines 41 

Clay, drab, granular near crop, smooth farther back li 

Clay, light drab, soft, plastic, smooth at back of pit, breaking 

with subfllnty fracture, at crop apparently typical flint clay« 2i 

Clay, dark drab, hard, sandy 1 

Chiy, drab 3 

Clay, brownish re^ 5 

The same clay was also observed at a few points iii the hills along 
Mill Creek and is reported 4 feet thick at one point. This flint-clay 
horizon is certainly worthy of very careful prospecting. 
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Other clays locally workable undoubtedly exist in the Allegheny 
formation. Many shale beds also appear promising and will prob- 
ably be used in the future for paving bricks, sewer pipes, and other 
purposes where inferior material may be utilized. 

CLAYS IN THE POTT8VILLE FORMATION. 
8CIOTOVILLE CLAY. 

In the Pottsville formation, as in the Allegheny, one clay bed stands 
preeminently above the rest as regards quality, distribution, and 
thickness. This is the Sciotoville fire clay of the Ohio Geological 
Survey reports, less commonly known as the Logan clay. It has been 
extensively mined at Sciotoville and Portsmouth, Ohio. It occurs 
a few feet above the Maxville limestone, but this limestone and the 
beds immediately above it are very sparsely distributed in this quad- 
rangle. On the map (PL I) the red line drawn on Everman Creek, 
Carter County, just at the western edge, and the red line on Tygarts 
Creek indicate the extent of this horizon above drainage in this area 
and also where it may be looked for. On Everman Creek, a short 
distance above the residence of David Childers, 4 to 6 feet of non- 
plastic clay shows and has been mined. A short distance below Mr. 
Childers's house the limestone outcrops in the road, apparently di- 
rectly below the massive Sharon sandstone. The clay was not ob- 
served here. It was reported to G. H. Ashley as being 5 feet thick 
and resting directly against the limestone on North Fork of Oldtown 
Creek, and as usually being present without the limestone in the hills 
east of Tygarts Creek. West of Tygarts Creek the limestone is re- 
ported as generally present, but little seems to be known of the clay.* 
This horizon may be looked for along the western outcrop of the 
coal measures, occurring, as it does, at the base of this series of rocks. 
Where present it will usually be found a few feet above the Maxville 
limestone or, in the absence of this bed, occupying a similar position 
above the sandstones of the Waverly. Though its outcrop area in 
the Kenova quadrangle is extremely small, a few miles to the west its 
horizon is above drainage level in nearly the entire valley of Tygarts 
Creek. At Olive Hill, in Carter County, it is now extensively worked 
by the Portsmouth Harbison- Walker Company and the Olive Hill 
Fire Brick Company, and it shows the following section at one of the 
openings of the former firm : 

Section of clay bed at Olive Hill, Carter County, Ky. 

Ft. In. 

Coal 2-6 

Clay, No. 3 1-% 

Clay, drab flint (Xo. 1) 1-9 

Clay, " semihard " (No. 2) 1-U 

" These statements refer to the territory within the Kenova au^drani;le^ 
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Ft. In. 

**Plnk eye" 3 

Shale, blue 1 ^-8 

Iron ore 4-8 

Top of Maxville limestone. 

This order of superposition is usually maintained in this district. 
It will thus be seen that there may be four distinct varieties of clay 
present in this noted bed. Of these the nonplastic or drab flint clay 
is by far the most important and becomes the basis of refractory 
materials of the highest grade. The layer known as " semihard " is 
on a par with the clay at the horizon of the Vanport (" Hanging 
Rock") limestone, already described, though by some of the clay 
workers the Vanport limestone clay, at least at some points, is con- 
sidered superior. The " semihard " is a plastic or' No. 2 clay and is 
mixed with the flint clay in various proportions, depending on the 
desired quality of the product. No. 3 clay is also plastic, but of 
inferior quality to No. 2, while that called " pink eye " may be worked 
up into bricks, but the product is off color. The following analyses 
indicate the very high grade of the flint clay at this horizon, the 
percentages of silica and alumina approaching the theoretical values 
in kaolinite: 



Analyses of Sciotoville flint clays of Kenova quadrangle. 



SllSca(SIOi) 

AlumlDA (AlsOa) 

Iron oxide (FesOa) 

Lime (0»0) 

MftgnesiA (MgO) 

Pboiphoiic acid (PsOs). 

Potash (KiO) 

8oda(NatO) 

Water (HtO) 



50.06 
38.49 



.30 
9.18 



100.20 



48.60 
37.471 
Trace. 

.112 
Trace. 

.226 



•13.030 



100.000 



46.75 
38.17 

Trace. 
.17 

Trace. 

Trace. 
14.08 



99.12 



« Expelled at red heat. 

1. SdotOYllle fire clay. N. W. Lord, analyst; Ohio Geologteal Snryey, vol. 7. 1803, 
p. 58. 

2. Ridge between Grassy and Three Prong creeks, Carter County, Ky. Sample col- 
lected by P. N. Moore ; Robert Peter, analyst : Report on eastern coal field : Kentucky 
Geol. Survey, vol. C, p. 10. 

3. Near Olive HIII, Carter County. Analysis furnished by Ashland Fire Brick Com- 
pany. 

OTHER POTTSVILLE CLAY BEDS. 

There are other clay beds below the Homewood sandstone, but they 
have not come into prominence. One of thesfe is the clay associated 
with No. 4 coal, which lies under the Homewood sandstone. This coal 
and its underlying clay outcrop in the eastern part of Ashland, and 
the coal has been worked in a small way at many places on the road 
approaching the cemetery. In the summer of 1905 the O'Kelly Brick 
Company opened the coal and clay and began to utilize the clay at 
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its brick plant in the eastern part of the city with satisfactory results. 
The following section was measured at the opening: 

portion of coal and clay below the Homewood sandtttone in the eastern part of 

Asfiland, Ky, 

Sandstone, massive. Ft. in. 

Coal 1 6-7 

Clay 10 

C^oal . 8-0 

Clay 1 2i^ 

The same bed of coal, with its underlying clay and clay parting, 
also occurs on Catl'etts Creek, and there is no reason why this clay 
should not be exploited in connection with the coal here, unless it be 
its relatively great distance from transportation. 

In the hills about the head of Johns and Field branches, Carter 
County, a few prospect holes have been made on a bed of clay lying a 
few feet below the Homewood sandstone. This position is similar 
to that of the clay occurring in the eastern part of Ashland and on 
Catletts Creek. On the land of Judge John W. Barber 4 feet of 
sandy clay was measured at a prospect which had not penetrated 
the bed far enough to reveal its real character and thickness. This 
bed should be further prospected in these hills. 

RECENT CLAYS. 

The recent clays are found in the flood plains of the rivers ancf smaU 
streams and are very common, many small streams having flood-plain 
deposits which extend well up to their heads. These flood-plain clays 
are very erratic in their distribution in the valleys of the larger 
streams, and there is no means of pointing out where they are most 
likely to occur. They range in thickness from 1 foot to over 4 feet 
Often in working a clay bed a sandy clay is encountered, which makes 
" dead " brick. These streaks of sand are also utilized by the brick 
manufacturers, but for certain purposes this sand has been found 
unsuitable owing to the intermixture of particles of coal. The depos- 
its worked at present are confined to the valley of Ohio River in the 
vicinity of Ashland, where there is a local market, cheap coal, and 
transportation facilities. The flood-plain clay is used chiefly for 
ordinary red building brick, though it is adapted to the making of 
tile, shingles, fireproofing, etc. It is made into brick at the Means- 
Russell plant, west of Ashland, and by the J. J. Gates Company and 
the O'Kelly Brick Company in the eastern part of the city. The 
smaller flood plains contain clays which perhaps will not compare in 
quality with those of the larger river valleys, but which may be 
worked up into material suitable for local country use. F. R. Bussey 
has utilized such material from the flood plain of Harriet Branch of 
Little Blaine Creek. The deposit is here only 4 feet thick, but it illus- 
trates the possibilities existing on all the smtJler creekg. Flood-plain 
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deposits along Big Sandy and Little Sandy have not even been pros- 
pected. Undoubtedly valuable deposits of clay exist along both these 
streams, and they may be utilized later for common and pressed brick, 
tile, paving brick, sewer pipe, etc. Experiments having in view the 
adaptability of these flood-plain clays to the various purposes enum- 
erated above should certainly l)e carried out. 

TECHNOLOGY AND STATISTICS. 

All the clay mines in this area are drift mines, in which the work- 
ings are very irregular. The mines are drained either naturally or by 
siphon and pump, and ventilation is either natural or by furnace. In 
mining the clay the upper part of the bed is usually shot out by 
powder or dynamite and the lower part pried up. The clay is hauled 
from the mine in ordinary mine cars drawn by mules. The following 
table will give an idea of the magnitude of the clay industry in this 
region during the last five years: 

StaiMticx of vUiy jn-oduvis in the Kenova quadranfjlr, 1902-190H. 



Year. 



Quantity of 
brick, in- 
cluding fire, 
vitrified, and 
common 
building 
brick. 



19Q2. 
1968. 
1904. 
190&. 
1906 



Thousands. 




10.68V 


$133,633 


12,736 


179,221 


14,861 


92,854 


11,574 


128.400 


12,826 


152,631 



62,584 



Total 
value." 



• These figures Include values of pottery also, 
of the I'nited States Geological Survey. 



The figures were obtained from the files 



The seeming discrepancies in the above figures are due to variations 
in the amounts of fire brick and ordinary red building brick pro- 
duced. For instance, the figures indicate a very unusual production 
of the more valuable fire brick in 1903, followed by a falling off in 
this commodity and an increase in the production of the less valuable 
ordinary red building brick in 1904. 

It has been found inexpedient to separate the statistics of the fire 
brick and other varieties, owing to the small number of manufacturers 
of fire brick during some of the years. For the same reason it has 
been thought inadvisable to tabulate the statistics of the produc- 
tion of raw clay. The United States Geological Survey has figures 
for this product for only 1905 and 1906, and the industry is yet in its 
infancy. It is probable that it may never grow to great proportions, 
as most of the clay will continue to be worked up near the mines 
to satisfy home consumption. During 1905 and 1906, 20,168 tons of 
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clay, of 2,000 pounds each, valued at $11,855, were shipped from the 
clay mines. All this has come from the clay at the horizon of the 
Vanport (" Hanging Rock ") limestone. 

MARKET. 

The market for the clay products of this area is rather local. Most 
of the red building brick is used at home or shipped to the neigh- 
boring towns in West Virginia and eastern Kentucky. The fire brick 
is either used locally at the furnaces in Ashland or shipped up or 
down Ohio River, along which there is considerable demand for such 
material. 

LIMESTONES AND IRON ORES. 
INTRODUCTION. 

The iron ores of the Hanging Rock region of Kentucky were of 
great importance in the seventies and eighties, but owing to the intro- 
duction of cheaper ores from Alabama and the Lake Superior coun- 
try, and to the gradual disappearance of the forests on which the 
charcoal furnaces depended, the iron industry of this region has 
declined, and at present no furnaces depending on the local ore 
supply are in operation. (See PI. V.) The ore diggings are now 
fallen in, and in many places have entirely disappeared, so that it is 
not easy to trace them. The following descriptions are therefore 
necessarily brief, especially those relating to the block and kidney 
ores, which at present are not worked at all. For fuller descriptions 
of the iron ores as a whole the reader is referred to P. N. Moore'*= 
report in vol. C of the Kentucky Geological Survey, from which 
the writer has freely drawn. . 

Where the iron ores are better known than their associated lime- 
stone beds the description of the limestones is made subsidiary. 

IRON ORES. 
GENERAL OITTIilKE. 

The iron ores of this region are chiefly earthy carbonates, spathic 
ores, or siderites, but on the outcrop and at variable distances in, 
depending largely on the porous or nonporous character of the roof, 
the ores have been altered to the hydrous ferric oxide, limonite. The 
ores may be classified as follows: (1) Limestone ores, (2) block ores, 
(3) kidney ores, (4) black band ores. 

Limestone ores are those which occur upon or very near the top 
of a limestone stratum. In many localities they occupy a broader field 
than the limestone, but the term is still applied if the ore occurs 
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near the stratigraphic position of the 
limestone. In eastern Kentucky these 
ores occur at two horizons — ^the lower 
associated with the Maxville and the 
higher with the Vanport limestone. 
Owing to their purity, uniformity, rich- 
ness in iron, and ease in working they 
have been among the most highly valued 
of all the iron ores in this region. 

Block ore and kidney ore are so called 
from their physical appearance. The 
former cleaves into more or less square 
or rectangular prisms when raised from 
its bed ; the latter derives its name from 
its peculiar kidney shapes. Both varie- 
ties occur as unaltered carbonates or 
siderites, except where oxidized to 
limonites on or near the outcrop. The 
term " black band " is applied to beds of 
carbonate of iron with more or less bitu- 
minous and earthy matter associated. 

Geologically these ores occur through- 
out the Carboniferous rocks in the Ken- 
ova quadrangle, but the most important 
are found in the two lower formations, 
the Allegheny and the Pottsville. These 
iron ores are all bedded deposits in the 
sense that they occur at fairly well- 
defined geologic levels, which are per- 
sistent over broad areas. The skeleton 
section (fig. 20) shows their relative 
position. 

UMESTOHE 0BE8. 
VANPOBT LIMESTONE QBE. 

Geologic position. — The higher of the 
important limestone ores is that associ- 
ated with the Vanport (" Hanging 
Rock") limestone and hence known as 
the Vanport limestone ore. It is often 
known also as the red limestone ore and 
in the Kentucky Geological Survey re- 
ports as the " Ferriferous " limestone 
ore. It occurs from 10 to 40 feet above 
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the top of the PottsvilJe, between coals Nos. 5 and 6, the latter being 
known about Ashland as the '' limestone coal " on account of this fact 

Extent. — The Vanport ore horizon is found in both Ohio and Ken- 
tucky. In Ohio its outcrop area is small in this quadrangle, but it is 
very extensive to the north and west. As it lies so near the top of the 
Pottsville, structure contours drawn on the latter hypothetical plane 
af^ly equally well for this ore horizon and for its associated lime- 
stone and plastic clay. Moreover, the red line drawn on PL I to rep- 
v&semi the outcrop of the clay represents equally well the iron ore and 
limestone. Immediately south of Ohio River its western limit b 
beyond the border of this quadrangle and is reported by Moore as 
being about a mile below Amanda furnace, a few miles northwest of 
Ashland. The main western outcrop in the Kenova quadrangle 
appears at its northern edge in the hills between Little Sandy River 
and East Fork and continues southwestward to the point where the 
boundaries of Elliott, Lawrence, and Carter counties come together. 
From this point the general trend of the outcrop is southeastward 
beyond Big Sandy River. In Boyd, Greenup, and Carter counties 
much of the ore at this horizon has been removed along the outcrop, 
but good ore was seen in Lawrence County near the town of Blaine 
and in the hills between Adams and Prosperity. 

Character. — Though the red line indicating the position of the 
Vanport limestone and its associated clay and iron ore has been 
drawn continuously on the economic map, this by no means indicates 
that the ore and limestone will be found continuously. On the con- 
trary, it is known that the limestone and the accompanying ore are 
in many places not present, and where present are locally variable 
in thickness. The ore rests on the top of the limestone, and the 
bounding surface between ore and limestone, according to Moore, 
is very irregular, being full of little ridges and depressions. The 
limestone ranges up to 8 feet in thickness, but may be absent where 
the ore is present. The ore itself ranges from a few inches to a few 
feet in thickness, but may be pockety and the pockets may be several 
feet thick. The section of fire clay at Willard, Carter County, and 
at William T. Johnson's clay mine, west of Ashland, and Moore's 
section at Amanda furnace illustrate the thickness and associations 
of the ore and limestone. 

The limonite ore occurring at the outcrop is usually brown or red, 
more commonly the latter, and in general dense and close grained. 
The red ore is the more valuable. The carbonate or unaltered cm 
is dense, dose grained, and bluish or grayish in color, and therefore 
is known as the blue limestone or the gray limestone ore. Most <rf 
the furnaces used the limonite ore, as the furnace men were unable 
to produce a coarse-grained foundry iron from the carbonates. 1^ 
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following analyses illustrate the character of both the limonitic and 
ttie sideritic phases of the limestone ore : 

Atialysea of limestone ores of Kenova quadrangle. 



Ferric oxide (PeaOs) 

Iron carbonate (PeOO«) 

Alumina (AlaOs) 

Manganese oxide (MnO) 

Manganese carbonate (MnOO«) 

Calctom carbonate (OaOOa) 

Magnesium carbonate (MgOOa) 

Phosphoric anhydride (PsOs) 

Sulphuric anhydride (80s) 

Silica (SiOs) and insoluble sili- 
cates 

Combined water (E2O) i 



57.561 



6.017 
•.180 



Metallic iron (Pe). 



.150 
.768 
.067 
.106 

26.450 
10.800 



100.518 
40.285 



51.802 
10.5M 
4.528 



Trace. 

7.480 

.440 

.570 

.060 

15.780 
8.772 



71.680 



4.155 
.060 



.880 
.060 
.084 
.270 

12.660 
10.800 



100.000 I 100.169 
41.867 I 60.176 



60.206 



1.044 
Trace. 



.161 
.852 



25.980 
«'11.141 



None. 

62.002 

2.900 

Not est. 

.668 

6.880 

2.248 

.149 

.802 

22.060 



100.000 I 
42.144 



97.689 
29.982 



65.895 

None. 

8.484 

Not est. 



8.580 

»1,088 

.441 

.886 

10.480 
0.846 

IGO.OOO 
46.776 



81.644 
80.708 
1.779 

looo 

2.730 
.141 
.421 
.491 

25.480 
6.628 

100.000 
86.627 



" Brown oxide of manganese. 



* Magnesia. 



'^.\nd loss. 



1. So-called slate ore, occupying the place of the limestone ore, from ridge between 
Cane Creek and Wilson Creek. Hunnewell furnace. Kentucky Geol. Survey, toI. A, pt. 1, 
p. 114. Robert Peter and J. H. Talbutt, analysts. 

2. Limestone ore from Hoods Creek near Bellefont furnace. Idem, p. 20. 

3. Limestone ore from the Graham bank, near Willard, Carter County. Average 
sample from the stock pile. Idem, p. 55. 

4. Limestone ore from Brush Creek, Pennsylvania furnace. Idem, p. 114. 

5. Gray limestone ore, from J. P. Jones's drift near Ashland. Selected from the in- 
terior of the bank. Idem, p. 37. 

6. Same as No. 5, but from exterior portion of the bank. Analyses 5 and 6 show well 
the chants which occur when the original ore is exposed to the atmosphere and surface 
waters. 

7. Gray limestone ore from Mount Savage furnace. Carter County. Idem, p. 51. 
Analyses 1 to 4 and 6 represent limonites ; 5 and 7 carbonates. 

The analyses given above will also be found in P. N. Moore's report 
on the iron ores of Boyd, Greenup, and Carter counties." The sam- 
ples were collected by Mr. Moore. 

The following table shows more concisely the amounts of metallic 
iron, sulphur, and phosphorus in both varieties of ore at the prin- 
cipal limestone ore horizons : 

Average iron, sulphur, and phosphorus content in limestone ores. 



Name of ore. 



Constituent. 



Vanport (" Hanging Rork ") l^'f^i'^^r"""- 

ltn»mto„e ore Phowho^:: 

I Metallic iron- 

{ Sulphur 

[Phosphorus.- 



MaxFlUe limestone ore.. 



Limonites. 



I Analyses 
aver- 
aged. 



1 



43.49 



.090 , 
47.79 



.147 



Siderites. 



Analyses 
Per cent. ( aver- 
aged. 



4 

4 



30.61 
.16 
.174 

85.05 
.81 
.20 



The amounts of ferric oxide and iron carbonate in the analyses at 
the top of this page show the fundamental difference between the oxi- 
dized and unoxidized ores. The amount of metallic iron in the 



« Kentucky Geol. Survey, vol. C, 1884, pp. 90, 92. 
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limonites ranges in general from 40 to 50 per cent, rarely going 
above or below these limits. In the unaltered ores the metallic am- 
tent is much lower, ranging from 25 to 40 per cent. The remaining 
constituents are variable, but silica and insoluble silicates are high. 
Sulphur is low, except in analysis No. 4; phosphorus is in general 
high. The last table also indicates these facts. 

MAXVILLE LIMESTONE ORE. 

Geologic position. — The lower of the important limestone ores 
rests directly upon the Maxville limestone, as shown by the section 
obtained at Olive Hill, Carter County (pp. 118-119). 

Extent, — The limestone itself is above drainage level in the val- 
leys of Everman Creek, North Fork of Oldtown Creek, and Tygarts 
Creek, in the northwest corner of the quadrangle. It is of very 
scant extent in this area, but to the west and nothwest its outcrop 
is generally above drainage level. The red line on the map (PI. I), 
representing the fire clay lying above the limestone, may be taken 
also to represent the top of the Maxville limestone and its overlying 
ore, where the latter is present. 

Character. — Where exposed on Everman Creek the limestone is 
from 20 to 25 feet thick. West of the area it is much thicker, locally 
reaching 100 feet and more, but in some places it is entirely wanting. 
Many of the deeper wells drilled for oil and gas have penetrated this 
limestone and proved it to be very thick and generally persistent over 
all this area. Sections of these deep wells are given on PI. VT. The 
limestone is the usual bright-gray variety, and has been burned and 
used for fertilizer, for which purpose there seems to be an ample 
supply. It is not improbable that it may also prove suitable for the 
manufacture of Portland cement. 

The iron ore overlying this limestone is erratic in occurrence and 
thickness, and in these respects is like the ore associated with the 
Vanport ("Hanging Rock ") limestone. In quality it is comparable 
with that ore, and its content of metallic iron in its altered and unal- 
tered phases is similar to that of the higher ore. It is apt to be more 
siliceous than the Vanport ore and in many places contains too much 
sulphur. On the whole it has proved to be one of the most valuable 
ores in this part of Kentucky. 

ORIGIN OF LIMESTONE ORES. 

An extended description of the origin of the limestone ores is 
hardly appropriate in this bulletin. For those interested in the theo- 
retical side of the subject Moore's description" will be found most 
interesting and suggestive. As a result of studies made by the writer 

« Kentucky (ieol. Survey, vol. 0. 1884, pp. 83-88. 94. 
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in the course of mapping this region in the summer of 1905, certain 
conclusions were reached which are summarized in an article in 
Economic Geology .<* 

BLOCK ORES. 

Geologic position. — Most of the block ores are found in the Potts- 
ville formation and in the lower part of the Allegheny formation. 
They have been separated by Moore into two groups with reference 
to their stratigraphic position — the upper block ores and the lower 
block ores. The former occupy the interval from 90 feet below the 
Vanport limestone to about 50 feet above it, and the lower block ores 
are confined to the lower 125 feet of the Pottsville. The skeleton 
section (fig. 20, p. 128) shows their relative positions. 

Extent. — The area in which the block ores occur is along the west- 
em and southern edges of the quadrangle, chiefly west and south of 
the line of outcrop of the Vanport limestone. The lower block ores 
are mostly confined to the territory west of Little Sandy River, but 
the area occupied by them in this section of the quadrangle is a small 
part of their extent in this portion of the State. The upper block 
ores are more w idely distributed in this particular area, their bound- 
ary extending to the east beyond that of the lower block ores and 
the Vanport limestone. 

Character. — Like the limestone ores, the block ores occur both in 
the oxidized condition and as imaltered carbonates. They are char- 
acterized by being more persistent than the limestone ores and by 
more uniform thickness in individual beds, but they vary greatly in 
thickness and quality among themselves. Their most common im- 
purity is sand. They are leaner ores, as a rule, than the limestone 
ores, and the lower block ores are inferior to the higher block ores. 
Their richness in iron apparently bears an inverse relation to their 
thickness, for it has been commonly observed that the leanest ores 
are the thickest, and vice versa. The following table shows their 
content in metallic iron, sulphur, and phosphorus: 

Average iron, sulphur, and phosphorus content in hlock ores. 



Kind of ore. 



Constituent. 



Upper block ores- 



Lower block ores.. 



IMetalHcIron. 

{Sulphur 

IPhogphorua.. 

(Metallic IroD- 
Sulphur 
Phosphorus— 



Limonltes. 




SIderites. 




Analyses 


1 Analyses 


Per cent. 


aver- 


Per cent. 


aver- 




aged. 




aged. 


43.&-) 




12 


84.42 


4 


.204 




10 


.444 


4 


.161 




10 


.229 4 


33.48 




10 


29.74 4 


.137 







.088 4 


.238 




9 


.159 


4 



« Pbalen, W. C, Origin and occurrence of certain Iron ores of northeastern Kentucky: 
Economic Geology, toI. 1, No. 7, 1906, pp. 660-669. 
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KIDNKT 0BB8. 

Geologic position. — ^Most of the kidney ores which have proved of 
value have been found in the lower part of the Allegheny formation. 
The more important range from about 40 or 60 feet to 100 feet above 
the Vanport limestone. In this interval there are from three to six 
beds of kidney ore of local importance. The lower of the more impor- 
tant ores has been called the yellow kidney ore. It lies about midway 
between the Winslow coal and the Coalton coal. Since most of the 
oxidized kidney ore has a yellow color, due to limonite, this name 
is not distinctive, but it has been commonly applied to the ore at 
this particular horizon. About 50 feet above the yellow kidney ore 
and 25 to 30 feet above the Coalton coal is another horizon of fairly 
persistent kidney ore called the red kidney ore, from the prevailing 
color of the weathered material. Other kidney ores occur in the Alle- 
gheny formation above the red kidney, but they are not so important 
as the two just mentioned. 

Extent. — The western and southern boundaries of the kidney ores 
coincide roughly with the line representing the outcrop of the Van- 
port limestone and clay. Beyond this boundary, to the south and 
west, these ores are of minor importance. Within the arc formed 
by the outcropping Vanport limestone and clay these ores will be 
found in a zone of a mile or more in width. They occur in the hills 
along Ohio River and generally over the northern part of Boyd 
County, where they have been extensively benched. They are found 
in Carter County near Willard and also in the region between Little 
Sandy River and East Fork. In Lawrence County, as a rule, they 
have been very little explored. 

Character. — The name of these ores is very suggestive of their 
physical appearance. Though occurring at perfectly distinct geo- 
logic levels, they do not form continuous beds or layers of ore, but 
are scattered through zones from 3 to 6 feet thick. Like the lime- 
stone and block ores they are found in all stages of transition from 
the pure carbonate ore, unaltered by atmospheric influences, to prac- 
tically pure limonite on the outcrop. Their origin seems to be fairly 
obvious. It is quite probable that they have originated in much the 
same way as limestone and other concretions — that is, by the gradual 
accretion of ferrous carbonate from the surrounding beds. Thi> 
segregation has probably been chiefly lateral, for otherwise the defi- 
niteness of geologic level, which is so common, would hardly persist, 
and the kidneys would be scattered throughout the shale and sand- 
stones. The fact that the nodules coalesce into peculiar shapes 
strongly sugge^sts such origin. Furthermore, the beds whence the 
nodules must have derived their ferruginous matter must have been 
rich in iron. These beds thus represent a period of deposition of 
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highly ferruginous sediments. Analyses of five samples of oxidized 
kidney ore collected in this region give the following averages: 
Metallic iron, 43.372; sulphur, 0.049; phosphorus, 0.166. These fig- 
ures show that these ores are comparable with the limonite phases 
of the limestone and block ores. 

BLACK-BAND ORES. 

The term black-band ores is applied to beds of carbonate of iron 
with more or less bituminous and earthy matter associated. A nota- 
ble occurrence of this ore is on the property of the Torchlight Coal 
Company on Levisa Fork, in Lawrence County. The deposit lies 
about 15 feet below coal No. 4 and is from 8 to 12 feet thick, con- 
sisting of layers of black or carbonaceous siderite, from 1 inch to 
3 inches thick, alternating with thin layers of bituminous shale. 
The ore, which carries 55.12 per cent of iron carbonate, compares 
favorably with the Scotch black-band ores. An analysis of the ore 
from this locality follows, together with analyses of a similar ore 
from Perry County, Ohio, and of one from Scotland. These were 
kindly furnished by Col. Jay H. Northup, of Louisa. 

Atialyses of hlack-hana ores. 



Iron carbonate (FeCOs).. 

Perrous oxide (PeO) 

Ferric oxide (PesOa) 

Uaofiranese oxide (MoO). 

AJumina (AlaOs). — 

Lime (CaO) 

Masnesla (MgO) 

Carbon dioxide (CX)^)— . 
Pfaospborlc acid (PsOs).. 
Sulphide of Iron (PeSs)- 

Water (HeO) — 

Organic matter 

Insoluble residue 



Metallic Iron — 



Threemile 

Greek, 
Kentucky. 



66.12 



9.12 
2.90 
3.26 
6.12 
1.92 



Trace. 
.78 



10.25 
9.18 



98.65 
36.96 



Perry 

County, 

Ohio. 



43.87 

4.10 

1.60 

6.05 

3.00 

.26 

30.60 

Trace. 

1.56 

.68 

6.26 

2.80 



Scotch 
black 
band. 



36.69 
2.70 
.29 
3.24 
1.92 

19.00 

84 
18.02 
9.91 



94.23 
26.63 



SUXHARY. 

The ores of this part of Kentucky practically ceased to count as 
sources of iron some time ago. In spite of this fact it has been 
thought advisable to give a brief outline of their geology and occur- 
rence. Though they have little value at present, they may be more 
important in the future. When the various ore beds were worked, 
the oxidized material at or near the outcrop was sought for, as the 
furnace managers were professedly unable to work the blue or gray 
carbonate and produce the desired coarse-grained foundry iron. The 
oxidized ore was obtained by benching or stripping, a process which, 
47008—08 9 
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though economical for ore occurring at the outcrop, could not be 
carried into the hills for any distance, and thus but an insignificant 
percentage of the ore bodies has been removed from the hills. The 
remaining ore is largely iron carbonate. It is very likdy that when 
the cheaper ores now on the market become scarce and ^ces ad- 
vance the higher grades of these ores will be worked. To reach 
satisfactory results the mining methods employed must be studied 
most carefully, but the fact that similar thin beds of iron ore have 
been successfully worked in Europe is significant. 

LIMESTONES. 

Brief descriptions have been given of two limestones, the Vanport 
(" Hanging Rock ") limestone near the base of the Allegheny forma- 
tion and the Maxville limestone underlying the Pottsville. The 
Conemaugb contains higher beds of limestone, a few of which are 
persistent and are hence of value in unraveling the strat^raphy. 
Some of these beds are also of local economic importance. 

The lowest limestone in the Conemaugh is the most persistent of 
all. It usually lies very near the top of the Mahoning sandstone, or, 
rather, the group of sandstone lying at the base of the Conemaugh 
formation. It is very widespread, but not everywhere a typical lime- 
stone in its development. Along Big Sandy River it may be traced 
rather continuously from the mouth of Dock Creek to Roundbottom. 
At some points along this stretch it is a calcareous sandstone 4 to 5 
feet thick, containing abundant crinoid stems and other fosaik. 
About one-eighth of a mile below Lockwood on the Kentucky side it 
has much the same character, but here it is weathered und dftrk in 
appearance and cnmibles easily under the hanmier. In t^ hiUs 
back of Cassville it is a fossiliferous shale and is closely undeiia£D 
by a thin bed of coal, called the Mason coal by I. C. White,« and 
probably correlating closely with the Brush Creek coal of western 
Pennsylvania. Throughout the southern part of Boyd C'Ounty it 
is very persistent, but much of it is too sandy to burn for fertilizer. 
In the hills east and west of Willard and on most of the streams 
flowing into Little Fork from the east it is 4 to 5 feet thick. In this 
region it is siliceous and does not react with acid on the weathered 
surface, but on being broken it is found to contain much lime. At 
Willard it occurs 180 feet above the Coalton coal and about 230 feei 
above the Vanport limestone. When burned this limestone will 
probably yield a fairly satisfactory fertilizer. This limestone is 
probably the representative of one of the Cambridge limestones of 
the Ohio Geological Survey. The horizon is in many places char- 

• West Virginia Qeol. Survey, vol. 2, 1908, p. 280. 

Digitized by LjOOQIC 



BUILDING STONE. ' 181 

acterized by two calcareous beds lying a small distance from one 
another, as indicated in the following section : 

Section of Cambridge limestone 1 mUe west of Potom^ac on Whites Creek. 
Concealed. Ft. in. 

Sandstone, fosslllferous 4 

Shale 14 

Limestone, crlnoldal 6 

Shale, blue 1 

A short distance away, near the residence of J. L. Bowling, the 
following section was measured : 

Section of limestone near residence of J, L, Bowling, west of Potomac, Kg. 

Feet. 

Sandstone, massive 30 

Concealed 15 

Sandstone, laminated 2 

Concealed 23 

Sandstone, fosslllferous 4 

Shale 23 

Limestone 1 

Shale 5 

The fossiliferous sandstone and the limestone lying from 14 to 23 
feet below may represent the" upper and lower Cambridge limestones 
of Ohio. 

About 80 to 100 feet above the Cambridge limestone is another 
limestone, also largely siliceous, which probably corresponds to the 
Ames of the Ohio and Pennsylvania surveys. It is seen at many places 
on the headwaters of East Fork of Little Sandy and is rather per- 
sistent in the hills east and southeast of Cassville, W. Va. In the 
latter region much of it is characterized by calcareous pebbles on 
its outcrop. This limestone is possibly valuable for fertilizer and 
may repay careful prospecting. Other limestones have been observed 
higher in the Conemaugh at 70 and 120 feet above the Ames. These 
higher Conemaugh limestones are generally characterized on their 
outcrops by the presence of a few limestone pebbles. Like the lower 
limestones, they may prove locally valuable. 

BUILDING STONE. 

The only rock suitable for building stone in this area is sandstone, 
and of this there is a great abundance. As a rule this rock will 
not bear the cost of transportation, but as a local building stone it 
has proved of value in the construction of culverts for the railroads 
which pass through the area and also in the construction of chimneys, 
fireplaces, etc., all through the country. Some of this sandstone has 
also been used in the construction of dwellings. Very little of it, if 
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any, can be cut into blocks of any considerable dimensions, but for 
rougher purposes it serves as a cheap and very accessible source of 
supply. 

Most of the sandstone in this area is micaceous, much is feldspathic, 
and as a rule it contains iron oxide. It ranges from very fine-grained 
to conglomeratic, in which few of the quartz pebbles exceed an inch 
in their largest dimension. A large amount of this sandstone is 
friable, disintegrating readily to fine sand. Such rock was used 
in the construction of a residence and of a building in Ashland, 
and so far as known proved satisfactory. It would appear, there- 
fore, that freshly cut blocks, even of this friable sandstone, season 
fairly well and become resistant. 

In the Conemaugh formation the most important sandstone lies 
at its base and is known as the Mahoning sandstone. This sandstone 
is well exposed along Big Sandy River near its mouth, in both Ken- 
tucky and West Virginia. Near Kenova it appears to be thick 
bedded enough to supply dimension stone. At this point, besides 
being very massive, it is very coarse grained and locally conglom- 
eratic. It has been used by the Norfolk and Western Railway in this 
locality. To the south, up Big Sandy River, it is above drainage 
level nearly to the mouth of Dock Creek in West Virginia and to 
Savage in Kentucky. In building the Norfolk and Western Railway 
and in the recent changes in grading the Chesapeake and Ohio Rail- 
way much of this rock has been used. A higher sandstone in the 
Conemaugh formation has been quarried for local purposes on Whites 
Creek, near Egypt. The Conemaugh also contains other sandstone 
beds which, though suitable for local purposes, are not sufficiently 
valuable to export. 

Sandstone from the Allegheny formation has been used along 
Ohio River opposite Ashland. At this point the sandstone above 
the Coalton coal thickens abnormally and has been quarried by the 
Norfolk and Western Railway for use along its line. It has fur- 
nished much rock of fair dimensions. 

The Pottsville formation contains many sandstones of consider- 
able thickness, much of which has been used in the construction of 
the Norfolk and Western Railway along Tug Fork, and by the 
Chesapeake and Ohio Railway on Levisa Fork. The HomeTvood 
or upper sandstone member of this formation outcrops near Ashland 
and occurs as a very massive cliff between the eastern limits of 
the city and Cliffside Park. The rock has been used with very 
satisfactory results in the construction of dwellings. Lower sand- 
stones of the Pottsville have proved locally valuable. 
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GLASS SAND. 

Some of the sandstones in this quadrangle may be of sufficient 
purity to furnish raw material for making glass, but most of them 
appear to be too ferruginous for such a purpose. Some of the sand 
found in the flood-plain deposits may, when washed, also prove suit- 
able. A deposit of the latter type was reported on the property 
of Samuel Ferguson, at North Kenova, Ohio. The Mahoning sand- 
stone and the Homewood and other sandstones in the Pottsville 
appear to be of sufficient purity in places for glass making, but no 
definite statement can be made as to the suitability of this material 
at any particular point. The Mahoning near Willard and the Home- 
wood near Mount Savage may repay careful prospecting for glass 
sand. Before pronouncing on the fitness of sandstone or loose sand 
for glass making it should be examined microscopically and chemi- 
cal tests should be made to determine the amount of iron, which, if 
present in too large quantities, renders the glass opaque.- Large 
amounts of aluminum and magnesia also have a deleterious effect 
•Better than either of these tests is a practical test of the material. 
It should be remembered also that some sandstones, though naturally 
too rich in iron for glass making, yield after crushing and washing 
a suitable raw product. 

SALT. 

Many years ago salt was obtained from wells sunk on Big Sandy 
River near Zelda. The old salt works have long since disappeared. 
South of 2ielda, near Catalpa, some of the wells driUed for oil and 
gas have struck salt water, which is still ninning. 

METALLIC ELEMENTS. 

Numerous reports reached the writer, while working in the Kenova 
quadrangle, regarding discoveries of lead and other metals. Con- 
cretions containing small amounts of lead and zinc sulphides have 
been seen. It may be safely stated, however, that in this area the 
metallic elements, such as gold, silver, copper, lead, etc., occur in 
such small quantities that time and money spent in exploration for 
them will meet with but little return. 

DIAMONDS. 

Diamonds have been reported as having been found in Elliott 
County, in the peridotite described on page 21. The name of kim- 
berlite has been applied to this rock owing to its resemblance to the 
diamondiferous rock of South Africa. The writer can not substan- 
tiate these reports. The peridotite is, however, characterized by the 
presence of nimierous garnets of small size. None of g^m quality, 
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SO far as known, have ever been obtained, but it is by no means 
certain that they do not exist The extent of the outcrops of perid- 
otite is indicated on the economic map (PL I). 

OIL AND GAS. 

SUBSURFACE STRATIGRAPHY. 

niTBODUCTOBT fimTBUEKT. 

In the pages dealing with the general stratigraphy of the various 
districts into which the quadrangle has been divided, brief descrip- 
tions have been given of the character of the rocks appearing at the 
surface. A knowledge of rocks lower than these has been obtained 
from the deep wells drilled in search of oil and gas. Some of the 
facts so obtained are merely supplementary to those already known, 
but much of the information is entirely new. It will be understood 
that the way in which our knowledge of these underlying rocks is 
obtained presupposes many factors which are liable to lead to error 
in attempting close correlations. First, a division of these lower 
rocks into well-recognized geologic units is based almost solely on 
variations in physical character, a standard which often fails en- 
tirely when applied to surface rocks. Second, the determination of 
lithologic distinctions is often left to persons incompetent to make 
such distinctions. Third, if measurements are not made with the 
steel tape other errors are likely to creep in. On the other hand, 
horizons at which, from a general knowledge of the underground 
stratigraphy of a given district, oil and gas are considered liable to 
occur are usually expected by the driller, and hence the position of 
their tops and bases is generally detected within very close limits. 

CABB0NIFEB0U8 SYSTKH. 

PBNNSTLVANIAN SEBISa 

The base of the Pennsylvanian series, resting on the top of the 
Maxville limestone, has been chosen as a datum plane in arranging 
the deep- well records (PI. VI). The Maxville limestone is present in 
all the sections except one shown by a well (No. 9, PL VI) drilled 
near the mouth of Blaine Creek, and serves as a convenient guide 
from which to reckon. The complete absence of this limestone in the 
Blaine Creek record is not easily explained, since the Horseford 
Creek well (No. 10), a mile and a half away, shows the limestone 140 
feet thick. The limestone is probably present in the Blaine Creek 
well, but was called sandstone. 

The well showing the greatest thickness of Pennsylvanian or coal- 
bearing rocks is the Horseford Creek well (No. 10), in which miore 
than 1,000 feet of these rocks is represented. The explanation is that 
the well was started in Conemaugh rocks well up in this series. The 
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prevailingly sandy character of the lower part of the Pennsylvanian 
rocks is apparent. The line which has been drawn at the top of the 
lower sandstones of this series is not the top of the Pottsville, since 
from surface observations it is known that the Pottsville must be 
thicker than the intervals included between this line and the top of 
the Maxville limestone, as in the Shope Creek well, Sunmiit well, 
Catletts Creek well, and others. This lower group of sandstones con- 
tains salt water and gas, and this fact has helped to determine the 
position of the correlation line at its top. It is probable that in sev- 
eral of the sections this lower group of sandstones may correspond to 
the Sharon conglomerate, which is known to consist of two members, 
as on Everman Creek, Carter County. The well showing the greatest 
thickness of Pottsville rocks is the Griffith Creek well (No. 19), which 
starts in rocks of this formation and reaches the Maxville limestone 
at a depth of 775 feet. In the southeastern part of the area, therefore, 
the Pottsville rocks are very nearly 1,400 feet thick, as compared with 
a thickness of 350 to 400 feet in the northwestern and western parts. 
The first figure, 1,400, added to the average thickness of Allegheny, 
Conemaugh, and higher rocks, makes the Pennsylvanian series in the 
Kenova quadrangle, in round numbers, about 2,000 feet thick. In 
certain sections the highest limestone plotted has not been regarded 
as the Maxville. In doing this each case had to be considered on its 
own merits in connection with the known surface geology of the im- 
mediate locality. At some points where limestone is shown on the 
surface on the plotted record, it is probable that sandstone has been . 
designated as a limestone or lime by the driller. 

MISSISSIPPI AN SEBIES. 

The Mississippian series includes the rocks from the top of the 
Maxville limestone to the base of the Bedford shale ; no record shows 
the presence of red shale above the top of the Maxville. The series 
comprises the Maxville limestone and the Waverly group, in which 
is included at the base the Sunbury shale, Berea sandstone, and Bed- 
ford shale. 

The Maxville limestone shows in all the sections except that of the 
Blaine Creek well (No. 9). It ranges in thickness from 60 feet in 
the Summit well (Xo. 3) to 345 feet in the Alum City Oil Company's 
Straight Creek well (No. 6) and the A. M. Holbrook well (No. 18). 
The latter thickness seems excessive, for near both the Straight Creek 
well and the Holbrook well other records show a thickness of 109 
and 152 feet for this limestone. The fact that the unusual thickness 
of limestone is accompanied by a marked thinning of the underlying 
Waverly in both records is indirect evidence that the thickness of the 
limestone has been overestimated. The Richardson well (No. 5) 
shows the next lower measurement — about 270 feet. But this, too, may 
be excessive, for the Catletts Creek well, not over 3 fiill^^ ^away, shows 
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only 80 feet of limestone. The limestone shows great variation and 
no tendency to thicken regularly in any part of the area. Whether 
or not this is due to an unconformity at its top can not be stated, but 
it is known that an unconformity exists between the Mississippian 
and Pennsylvanian series in Pennsylvania and West Virginia. The 
Maxville limestone is the " Big lime " of the Pennsylvania drillers 
and corresponds to the Greenbrier of West Virginia. 

The Waverly group includes the Mississippian rocks below the 
Maxville limestone and above the Devonian shale. . At the top of this 
group, in the wells studied in the northern part of the quadV^ngle, a 
persistent sandstone is present. It is in places overlain by a shale 
bed that is usually thin, but is 40 feet thick in the Joshua Kelly well 
(No. 1). At Straight Creek and on Glancy Fork no sandstone ap- 
pears in this position, but the Horseford Creek well (No. 10) shows 
95 feet. In the Blaine Creek section 370 feet of white sandstone and 
conglomerate are represented in this part of the section, and without 
doubt part of this thickness is the upper sandstone of the Waverly. 
In the wells in the southern part of the quadrangle it is usually 
absent, except in the Jason Boggs well (No. 11), where the sandstone 
in this position measures 345 feet, with the underlying shales only 
75 feet thick. This interpretation of the lithologic character of the 
rocks is open to some question, as the shale below the sandstone is 
everywhere much thicker than the sandstone itself. In a carefully 
kept record of the Guffey well, north, of Grayson, no typical sand- 
stone is reported from this position. The complete record of the 
well, which seems to be the only one known in this particular part of 
the quadrangle, is given to show the character of the underlying 
formations in this part of Carter County.® 

Log of Ouffep well, just north of Orayson, Carter County, Ky,^ 
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« Oil and gas : Kentucky Geol. Survey, Bull. No. 1, l^^^^^J^v 
►The geologic units were identified by J. B. Hoeing. 
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In the record of the deep well near Central City, W. Va., the 
sandstone appears with a thickness of 177 feet, showing its continua- 
tion to the east of this quadrangle.** 

Section of well on Fourpole Creek near Central City, W, Va,^ 
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Slate.- 
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Limestone 
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• This well was drilled In 1898. The record was furnished by Thomas W. Harvey, 
owner. 



The meager data available in this area as a whole indicate a 
tendency in this sandstone to die out to the south. It is the Bur- 
goon (" Big Injun ") sandstone of the Pennsylvania drillers, and 
probably represents the " Big Injun group " of the Kentucky Geo- 
logical Survey and the Logan formation of the Ohio Survey. The 
thickness of the sandstone and shale ranges from 70 to 370 feet. 

The underlying shales of the Waverly are from 370 to 470 feet 
thick across the northern part of the quadrangle, from west to east. 

« Campbell, M. R.. Description of the Huntington quadrangle : Geologic Atlas U. S., 
folio 69, U. S. Geol. Survey. 1900, p. 3. 
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In the wells in the central part of the quadrangle, except the Alum 
City Oil Company's well at Straight Creek (Na 6, PI. VI), the 
thickness is rather uniform, ranging from 375 to 440 feet. It is 
fairly uniform also along the southern edge of the quadrangle, most 
of the wells showing about 400 feet. In most of the records the 
rocks are described as sand and shale, the latter usually light or gray 
in color, but in places dark or black. Local limestone. lay^B are also 
recorded. 

The Sunbury shale and Berea sandstone, near the base of the 
Mississippian series, consist of oil- and gas-bearing shale and sand- 
stone from 60 to 200 feet thick. In the northern part of the quad- 
rangle as a whole the Mississippian series averages very nearly 700 
feet in thickness, but it shows a tendency, to grow thinner toward 
the south. 

MiyOHUN ST8TBK. 

The records show, below the shales and sandstones at the base of the 
Mississippian series, a considerable body of shale, more or less cal- 
careous, in the midst of which occurs a gas- or oil-bearing sand, 
probably the Ragland sand of the Kentucky drillers. In some wells 
this sand is underlain by a few hundred feet of black shale (CMiio 
shale), but in others the underlying rocks are more or less calcareous 
in part. It is probable that in the wells drilled in the southern part 
of the area (Nos. 11 to 19) Silurian limestones have been reached. 
They may also be reached in some of the wells near the northern edge 
of the quadrangle, as in that at Central City, where a part of the 215 
feet of limestone at the base of the section may be Silurian. The 
basis for this statement lies in the fact that in the vertical section of 
Ohio rocks the limestones at the base of the Devonian do not exceed 
75 feet in thickness at any point.® It is also possible that in the 
wells in the northern part of this area the considerable bodies of 
shale represented below the Ragland sand may be older than 
Devonian. 

OIL AND GAS WELLS. 

On the geologic map accompanying this report two classes of 
wells are represented by red and green symbols. Those in red indicate 
wells that are known to have produced gas in quantity; the other 
wells are shown in green. Nearly all the wells in this area were 
drilled in search of oil. In some of them oil was found, but in too 
small amount to pay the expense of prospecting, and some wells were 
practically dry. The rocks containing oil and gas are usually known 
to the drillers as sands. Those known to be productive in this area 
are described in the next section. The numbers in the accompanying 
list correspond to those used on the economic map (PI. I). 

•Kept. Geol. Survey Ohio, vol. 7, 1893, plate opp. p. 4^00Q Ic 
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Deep wells in the Kenova quadrangle, 

"L Little Sandy Oil Company, Joshua Kelly farm, Ehiclid, Greenup County. 
2. Clinton well, George farm, Shope Creels, Boyd County. 
8. Summit, Boyd County. 

4. Catletts Creek, 2 miles west of Catlettsburg. 

5. Longabaugh well, Richardson farm, west bank of Big Sandy River, 1^ 

miles south of Catlettsburg. 

6. Alum City Oil Company, Straight Creek, Carter County. 

7. New Domain Oil and Gas Company, Straight Creek, Carter County. 

8. New Domain Oil and Gas Company, L. C. Glancy farm, Glaucy Fork, 

Carter County. 

9. Mouth of Blaine Creek, Lawrence County. 

10. Horseford Creek, Lawrence County. 

11. New Domain Oil and Gas Company, Jason Boggs farm, Canes Creek, 6 

miles nortJiwest of Blaine, Lawrence County. 

12. New Domain Oil and Gas Company, John Boggs farm. Canes Creek, 4 

miles northwest of Blaine, Ijawrence County. 

13. New Domain Oil and Gas Company, J. F. Cooper farm. Lick Fork of 

Cherokee Creek, 5 miles northwest of Blaine, Lawrence County. 

14. New Domain Oil and Gas Company, J. A. Young farm, Cherokee Creek, 

Lawrence County. 

15. Laurel or Broas well. Lower Laurel Creek, Lawrence County. 

16. New Domain Oil and Gas Company, H. H. Gambrlll farm, Big Blaine 

Creek, 1 mile west of Blaine, Lawrence County. 

17. Berry well, mouth of Cane Creek, Lawrence County. 

18. New Domain Oil and Gas Company, A. M. Holbrook farm, one-fourth 

mile northeast of Blaine, Lawrence County. 

19. Griffith Creek, 7 miles southeast of Louisa, Lawrence County. 

20. on well, Catletts Creek. 
21,22. Forestdale, Ohio. 

23. Frank Crank, Yatesville. 

24. George Carter, near YatesTille. 

25. Hannah Lackey, near Yatesville. 
26,27. Land & Carter, near Yatesville. 
28. Keffer well, Upper Stineon Creek. 

OIL AND GAS SANDS. 
CABBONIFEBOUS BOCKS. 

Salt sand. — ^Fresh water is reported in the Summit well (No. t3), 
well up in the Carboniferous, 425 feet above the top of the Maxville 
limestone, and also in the Straight Creek well (No. 6), 441 feet above 
the same datum plane. The first prominent gas and salt-water hori- 
zon occurs in the interval of 250 feet above the Maxville, in the lower 
part of the Pottsville formation. This salt-water bed probably corre- 
sponds in places to the Sharon conglomerate. The oil and salt- 
water sands are either two or three in number, and may be regarded 
as the equivalent of the Salt sand to the north in Ohio, but in 
Washington and Monroe counties, Ohio, the name Maxton sand has 
been applied to the sand resting directly upon the Maxville lime- 
Digitized by LjOOQIC 
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stone. From this bed the old salt wells on Big Sandy River near 
Zelda obtained their salt water. 

Big Injun sand. — The sandstone containing salt water lying di- 
rectly below the Maxville limestone, or separated from it by a few 
feet of shale, belongs to. the " Big Injun group," or Logan formation 
of Kentucky and Ohio. The term " group " is hardly applicable in 
the Kenova quadrangle, as most of the records show a single sand- 
stone bed from 30 to 175 feet thick. In the Blaine Creek well (No. 4) 
370 feet of sand and conglomerate are indicated in this part of the 
section, but, as has already been pointed out, some of this is probably 
the Maxville limestone. Nothing but salt water has been reported 
from this sandstone. 

Berea sandstone, — In the rocks below the Big Injun sand an occa- 
sional show of oil is reported, but no persistent oil- and gas-bearing 
rocks are encountered until the drill reaches the 3unbury shale and 
Berea sandstone. Most of the records studied show between the shale 
of the Waverly above (Cuyahoga?) and the Devonian black shale be- 
low a group of sandstones with shale layers, which are referred to the 
Sunbury shale and Berea sandstone. In many of the sections the 
well-defined sandstone occurring below the black shale of the Waverly 
is without doubt the Berea sandstone proper, but in certain of the 
sections showing several sandstone bands the boundary has been 
drawn on the lowermost where there seemed no positive evidence to 
the contrary. Where a single layer of both shale and sandstone has 
been recognized in the driller's logs the thickness does not exceed 120 
feet. Both oil and gas are reported from the Berea, but in no 
instance has the production been on a profitable scale. 

DEVONIAN B0CK8. 

Ragland sand, — The Devonian shale carries some oil disseminated 
through it, but the first persistent gas- and oil-bearing stratum in this 
rock is a sandstone band a few hundred feet from its top. Some of 
the records show this sandstone embedded in shale, as in the Clinton 
well (No. 2), the Catletts Creek well (No. 4), and the Richardson or 
Longabaugh well (No. 5) ; but in others it rests upon or is associated 
with limestone. It is barely possible that the Ragland sand of the 
southwestern part of the quadrangle, found resting upon limestone, 
may not be the same sandstone as the gas-bearing rock of the Cat- 
letts Creek and Clinton wells, but the presumption is strongly in 
favor of this correlation. The reason for this question lies in the fact 
that in the Clinton, Catletts Creek, and Longabaugh wells the gas- 
bearing sand is underlain by considerable bodies of shale, which are 
described in the Clinton record as black and white. In some wells 
(Nos. 6 and 19) the rock at the Ragland horizon is probably a lime- 
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stone. In the wells where this sandstone is underlain by shale (Nos. 
2, 4, and 5) rocks earlier than Devonian may be represented. This 
gas-bearing sandstone, regarded as the Ragland, is in most places a 
very thin band, but at the John Boggs well (No. 12) and the J. A. 
Young well (No. 4) it is reported to be more than 100 feet thick. In 
Bath County in the Ragland jfield none of the records show a thick- 
ness of the oil-bearing stratum greater than 25 feet." This sand fur- 
nishes the high-pressure gas on Catletts Creek, but there the sand- 
stone occurs in two benches. At the Jason Boggs well on Canes 
Creek, Lawrence County, gas containing much hydrogen sulphide 
was encountered at this horizon, with a rock pressure of 350 pounds. 

PRODUCTION. 

Most of the wells drilled in this area report a small production of 
oil and gas, but so small as not to be profitable. Two gas wells are 
notable exceptions. The well drilled on Catletts Creek struck gas 
in a 9- foot layer of sandstone, thought to correspond to the Ragland 
sand, at a depth of 1,979 feet. The pressure recorded was 975 pounds. 
This gas is now piped to Catlettsburg. At the Jason Boggs well on 
Canes Creek, Lawrence County, gas was encountered in the interval 
from 1,672 to 1,697^ feet below the surface; also in the Ragland sand. 
The volume was reported to be 750,000 cubic feet per twenty-four 
hours when the gas was tapped, and the rock pressure to be 350 
pounds. The gas was heavily impregnated with hydrogen sulphide. 

TOPOGRAPHIC DATA. 

TRIANGULATION STATIONS. 

The topographic work for the map of the Kenova quadrangle 
is .based on triangulation stations, two of which are found within 
the limits of the quadrangle and several outside of its borders to 
the north, south, and northwest. The stations north and northwest 
of the area, some of which are in the State of Ohio, were established 
by the Coast and Geodetic Survey, to which the writer is indebted 
for the information regarding them. The four triangulation stations 
represented south of the area in the accompanying figure were estab- 
lished by the United States Geological Survey. The two stations on 
this quadrangle are designated by the names Oakland Piid Buena 
Vista. Oakland, named from Oakland furnace, on Chadwick Creek, 
Boyd Coimty, is situated at the highest point on the ridge at the head 
of Campbell Run and Laurel Creek. Buena Vista, so called from 
Buena Vista furnace, is situated on the ridge northwest of Straight 
Creek, on the dividing line between Greenup and Boyd counties. The 
accompanying figure (21) shows the relative positions of these trian- 
gulation stations. Descriptions of their exact locations follow. 

•Kentucky Geol. Survey, Boll. No. 1, 1905, pp. 59, 60. GOOgIC 
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Geographic positions of stations. 
[Locality, 89th parallel. United States standard datum. States of Qliio and Kentucky.] 



Station. 



Round Top (1886) 

Oakland (1884) 

Bu-Jia Vista (18M) 

Howland (1885) 

Pradd(1885) _ 

Gk>uld(1885) 

Scioto (1885) 

Iron ton, cupola of Kelly's bouse (1886) •.. 



Latitude. 



80 
21 
23 
87 
35 
38 
46 
81 



86.871 
46.406 
44.026 
47.116 
46.927 
27.682 
47.719 
59.67 



Seconds In T.r«,*H*„>L- 
meters. Longitude. 



1,000.7 
1,482.7 
1,857.5 
1,462.8 
1.447.0 
850.6 
1,471.5 
1,889.9 



88 12 

82 88 

82 48 

82 50 

, 82 83 

t 82 49 

; 88 06 

82 40 



87.796 



Seconds tn 
meters. 



Meterw. 

914.5 
l.SSSJ 



21.664 


525.7 


20.415 


408.7 


06.061 


145.9 


66.728 


1,878.0 


03.622 


S7.4 


10.86 


250.» 



Station. 



Round Top (1885) — 

Oakland (1884) 

Buena Vteta (1884)__ 
Holland (1886) 



Pradd (1886). — 
Qouid (1886) 



Scioto (1886). 



Iron ton, cupola of Kelly'9 
house (1886) « 



To station— 



Scioto 

{Howland 

Oebhardt 

{Davis 

Pradd— 

{Oakland 

.(5ould 

Buena Vteta 

(Wray 

(Sebhardt 

Oakland 

Pradd 

Oakland 

Buona Vteta 

fPradd 

Gould 

Howland... 

Round Top 

Pradd 

{Oakland 



Azimuth. 



219 


07 


82.42 


268 


28 


19.14 


241 


41 


35.15 


272 


40 


01.16 


224 


47 


25.11 


284 


89 


44.46 


264 


43 


17.96 


828 


23 


44.36 


271 


00 


60.69 


285 


61 


33.48 


18 


00 


13.70 


281 


21 


56.10 


382 


25 


05.92 


355 


09 


85.66 


292 


56 


07.10 


305 


26 


67.47 


339 


68 


48.81 


39 


13 


21.31 


285 


89 


56 


354 


19 


06 



Back azimuth. Distance, 



Log-, 
diatanee. 



39 13 

85 31 

61 56 

92 50 

44 56 

104 46 

84 40 

148 30 

91 04 

106 02 

197 66 

101 82 

152 31 

175 10 

113 14 

126 35 

160 01 

219 07 

55 44 

174 19 



21.81 

86.82 

19.22 

59.31 

56.06 

87.60 

00.90 

84.56 

28.75 

48.00 

87.88 

26.91 

59.19 

34.86 

50.55 

09.49 

06.36 

22.42 

20 

54 



Meters. 
21,969.63 
19,416.44 I 
89,U7.S4 j 
25,780.11 I 
81,451.43 
14,278.64 
18»090.61 
80,501.44 
7,917.68 
27.068.65 
27,244.57 
24,947.67 
34,808.56 
27,841.14 
47,235.01 
28,361.24 
15,770.77 
21,969.63 
12,435.5 
19,000.8 



Meten. 

4.S418SSS 

4.28SU07 

4.6023668 

4.4112818 

4.49I764M 

4.1545847 

4.1 

4.4 



4.4: 

4. 43SCT0 

4.S97QB0O 

4.5416an 

4.4368167 

4.6742640 

4.3064099 

4.197859 

4.3418SS 

4.0P406I 

4.278771 



' No check on this position. 



ROUND TOP. 



Round Top station is situated in Lewis County, Ky., about 5 miles 
west of Quincy, on a hill just back of L. Johnson's house, well known 
in this locality as Round Top and as being the highest point along 
Ohio River between Pittsburg and Cincinnati. The whole top of the 
hill was cleared off, with the exception of two pine trees. 

The station is marked by an earthen pyramid buried 3 feet in the 
ground. Above this and coming to the surface is a tile pipe 6 inches 
in diameter and 2 feet long. This is filled with cement and a nail 
in the center marks the center of the station. Four tile pipes 2 feet 
long and 4 inches in diameter, filled with cement, with a nail in the 
center, were put down as reference marks — ^north, east, south, and 
west — their tops being level with the surface of the ground. The 
following measurements were made with steel tape: From station 
to nail in pipe north (true), 5.88 feet; to nail in pipe east, 6.22 feet; 
to nail in pipe south, 5.96 feet ; to nail in pipe west, 5.93 feet 

SCIOTO. 

Scioto station is on the land of George Davis, about If miles west 
of his distillery on the west side of Scioto River, which is about IJ 
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miles northwest of Portsmouth. A signal 96 feet high to the floor 
of the scaffold was erected here and theodolite No. 118 was mounted 
about 100 feet from the ground. Lines were opened to Peach 



JScioto 




fkmid 



^lat^bmk 



OaMdnd 




FIG. 21. 



-Sketch showing location of triangulatlon stations In and near the Kenova 
quadrangle. 



Mount station (19 miles) by cutting on five ridges, and to Twin 
Creek station (13 miles) by cutting on two ridges. Fradd, Gould, 
Howland, Round Top, Springville, and the whole of the city of 
Portsmouth are open. 
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The station is marked as follows: A pottery pyramid was sunk 
below the surface, over which was placed a 6-inch draintile pipe, 
2 feet long, filled with concrete. The center is marked by an iron 
spike. Reference marks consist of 4-inch pipes, as follows: North, 
6.29 feet; south, 6.18 feet; east, 6.25 feet; west, 6.11 feet. These 
four pipes were filled with concrete, and a nail driven in each marks 
the center. 

HOWLAND. 

Rowland station is situated in Greenup County, Ky., between Ty- 
garts and Schultz creeks and between Right and Left forks of Beechy 
Creek, about 3^ miles west of Liberty, about 400 yards northwest 
of the house of James Rowland, on a point of land belonging to 
James Rowe, and about 100 yards west of the main county road 
that runs from Schultz Creek to the mouth of Brushy Creek. The 
signal is in sight from Mr. Rowland's house. A 65-foot tripod and 
scaffold was erected here. Theodolite No. 135 was mounted on top 
of the tripod and the observations were made from it. 

The station is marked by an earthen pyramid buried 2^ feet below 
the surface of the ground; above this is placed a draintile pipe 6 
inches in diameter and 2 feet long, the top being just even with the 
surface of the ground. The pipe was filled with cement and a 6-inch 
spike in the center marks the station. Four tile pipes 4 inches in 
diameter and 2 feet long, filled with cement, with a nail in the center 
of each, were put down as reference marks. The following measure- 
ments were made: From station to nail in pipe north (true), 6.45 
feet; east, 6.05 feet; south, 5.95 feet; west, 6.10 feet. 

GOULD. 

Gould station is situated on the hills east of Ohio River, about 1| 
miles in an air line from the river at Franklin furnace landing. The 
land formerly belonged to O. B. Gould, but was sold in 1884 to Means, 
Kyle & Co., of Ranging Rock, Ohio. The hill is covered with large 
timber of second growth. 

The station is marked as follows: The center by a pottery pyramid 
sunk 3 feet below the surface; above this is a piece of sewer pipe 6 
inches in diameter, filled with concrete, with a nail in its center. 
Other pieces of sewer pipe, 4 inches in diameter, are sunk at the 
following distances and directions: North (true), 4-inch pipe, 6.08 
feet; south, 4-inch pipe, 6.11 feet; east, 4-inch pipe, 5.78 feet On the 
west is a brass rod, one-fourth inch in diameter, driven into the 
smoothed top of an oak stump and surrounded by a triangle of iron 
nails, distant 5.77 feet. 
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FBADD. 

Fradd station is very near to the line between Lawrence and Aid 
townships, in Lawrence County, Ohio, about 100 yards south of the 
road running from Marion to Vesuvius furnace, about 3 miles from 
Marion, nearly a mile west of the white schoolhouse on the hill, on 
land belonging to Charles Fradd, who lives in the hollow about one- 
third of a mile southwest of the station. 

The station was marked by an earthen pyramid, sunk 2J feet in 
the ground; above this was placed a 6-inch tile pipe, 2 feet long 
and filled with cement; a 6-inch spike marks the station center. 
Four 4-inch tile pipes, 2 feet long, filled with cement, with a nail in 
the center, were put down as reference marks, their tops being level 
with the ground. The following measurements were made: From 
station center to nail in pipe north (true), 7.63 feet; east, 6 feet; 
south, 6.50 feet; west, 6 feet. 

BUENA VISTA. 

Buena Vista station is on the highest point of the narrow ridge 
about 2^ miles east of Hunnewell. furnace, Greenup County, Ky. 
The county road from Hunnewell furnace to old Buena Vista fur- 
nace crosses the ridge, and the station is on the high point to the 
left of the road, called in the neighborhood the " high knob." When 
the ridge was cut off for charcoal a single large tree was left, in which 
a flag was put for use in reconnaissance. This tree was trimmed 
by cutting its lower branches and was left temporarily for a mark. 

The station is marked at the center by a pottery pyramid sunk 
3 feet below the surface. Above this was built a pier of concrete, 
about 4^ feet above the ground, on which was mounted the theodo- 
lite. The center of the pier above the station is marked 6 inches 
below^ the surface, at 15 inches below the top, at 6 inches below the 
top, and on the surface of the pier by iron spikes driven into the 
concrete accurately over the center of the station. A small pole 
was erected to observe on from Oakland, and was taken down when 
the pier was built. Reference marks: Two concrete piers, 6 by 6 
inches and 2 feet long, with their tops even with the ground and 
nail in the center, one east, one west ; for the north and south marks, 
oak stubs with nail in the top. The following are the distances: 
Station to nail north (true), 7.90 feet; east, 7.16 feet; south, 8.03 
feet; west, 7 feet. The large chestnut oak in which the flag was 
placed was cut down and a pole was erected over the pier, with 
crotch 16 feet high and pole 12 feet above the crotch; The dis- 
tance from the station to a blazed stump marked with a triangle of 
driven nails with a spike in the center is 17.3 feet. 

47008—08 10 ^ T 

Digitized by V^OOQlC 



146 



ECONOMIC GEOLOGY OF KENOVA QUADRANGLE. 



OAKLAND. 

Oakland station is on the highest part of the wooded hill at the 
headwaters of Chadwick Creek, on the land of Thomas Galligher, a 
few feet from the fence dividing his land from that of James L 
Rucker. 

The center is marked by a pottery pyramid, buried 3 feet. Over 
this is placed a section of 4-inch tile pipe 2 feet long, its upper sur- 
face level with the surface of the ground. This pipe is filled with 
and surrounded by concrete made of hydraulic cement and broken 
sandstone. The station center is marked on the top of the concrete 
by an iron spike 6 inches long, the center of the head of this spike 
being accurately plumbed under the center of the tripod head, on 
which was mounted theodolite No. 118. Reference marks consist- 
ing of 4-inch tile pipes 2 feet long^ filled with concrete and sunk 
level with the surface of the ground, with a nail in the center of 
each, were placed at the following distances and directions: NorUi 
(true), 5.98 feet; south, 5.02 feet; east, 6.02 feet; west, 6.06 feet 

WOLF.** 

On sharp ridge at head of Wolf Creek, Martin County, Ky., 12 
miles (air line) southwest of Warfield, on Tug Fork of Sandy River. 
Permanent mark : Large chestnut tree. 

[Latitude, 37" 43' 34''.4 ; longitude, 82" 34' 20''.9.] 



To statlon- 



Oastlp— 
Preston. 
Prazler. 
Wlllard. 



Azimuth. 


Back Bzhnutb. 


Lof. 
dlsUDtt. 


138 37 03.8 

101 89 08.8 

13 12 43.8 

342 01 68.8 


318 28 31.8 
281 26 22.6 
183 00 18.7 
162 06 63.8 


Mettn. 

4.48»n 
4.4M8» 
4.S6B81« 
4.7350S 



PRESTON.** 

On northeast end of Long Knob, at head of Barnett and Jennie 
and Little Paint creeks, Johnson County, Ky., 7 miles southwest of 
Paintsville. 

[Latitude, 37' 46' 57". 3; longitude, 82' 66' 11".6.1 



To station - 



Azimuth. 



Wolf -. 281 26 22.5 

Quicksand — ' 1 28 02.2 

Prazler _'_ _ ■ 332 14 81.1 



Back azimuth. 



101 89 06.8 
181 27 41.1 
162 23 48.8 



Lot. 
distmDMi 



Utien. 
4.4M8SS 

4.0796n 



•This description may be found In Bull. U. S. Geol. Survey No. 122, 1894. p. 82, 
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SPIRIT-LEVEL WORK. 

During the course of topographic work in the Kenova quadrangle 
numerous bench marks were established, descriptions and elevations 
of which are given below. 

The elevations in the following list are based on a bronze tablet at 
Kenova, W. Va., in the west side of the door eill at the entrance to 
the men's waiting room at the union station. The elevation of this 
tablet is accepted as 566.918 feet above mean sea level. The initial 
height from which these elevations are derived is that determined for 
bench mark 316 A of the Ohio River Survey, Corps of Engineers, 
U. S. Army, at Catlettsburg, Ky., by the 1903 adjustment of precise 
leveling. The leveling was done in 1900 under the direction of W. N. 
Morrill, topographer; by J. E. Buford and C. H. Semper, levelmen. 
All standard bench marks dependent on this datum are stamped with 
the letter " K " in addition to the figures of elevation. 

HAVEBHILL, OHIO, TO GREENUP, KY. ; THENCE ALONG EASTERN KENTUCKY RAILWAY 

TO AR<3ILLITE. 

Feet. 

Greenup County building, clerk's office; bronze tablet set vertically in 
stone step at right of entrance, stamped " 538 I " 540. 004 

Riverton, 1.5 miles south of, railroad bridge 150 feet south of road 
crossing, on abutment at southwest corner of bridge; chisel marls 554.70 

Argil lite, 1,320 feet south of, east side of north end of Argilllte tunnel, 
8.86 feet higher than top of rail, in sandstone ledge; bronze tablet 
stamped " 567 K 1900 " 566. 442 

GREENUP SOUTHWARD TO MOUTH OF WHETSTONE CREEK. 

Greenup, 2.5 miles southwest of, 750 feet southwest of log house, on 
north side of road, north of road center, in south end of sandstone 
bowlder 7 by 10 by 25 feet; bronze tablet stamped "578 I" 580.081 

KENOVA ALONG CHESAPEAKE AND OHIO RAILWAY (BIG SANDY DIVISION) TO ROCK- 

VILLE (BUCHANAN), KY. 

Savage, 2.6 miles north of, on west side of highway or crossing 40 feet 
from center of track and 10 feet from center of highway, on sand- 
stone ledge; chisel mark 552.44 

Savage, 870 feet north of station, at southeast comer of highway 

bridge, on bridge seat; chisel mark 541.26 

Savage, in front of station; top of west rail 547.1 

Savage Branch station, 1 mile south of, at David Lockwood's house. 
In foundation on left side of front steps; bronze tablet stamped 

"586 K " 586.113 

Lockwood, in front of station; top of east rail 544.3 

Kavanaugh Church, in front of flag station ; top of east rail 581. 3 
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BOLTS FOBK NORTH WABD VIA GANNOITSBUBO TO ASHLAIH). 

Feet 

Bolts Fork, 600 feet north of post-office, highway bridge over Bolts 
Fork, at southeast comer bridge seat; bronze tablet stamped 
" 652 K " ©2.567 

Mavity, 0.8 mile north of, at forks of road -105 feet south of log bouse, 
51 feet south of sycamore, on abutment at southeast comer of bridge ; 
chisel mark 606. 08 

Cannonsburg, post-office building, southeast comer of, 93 feet from rail- 
road crossing; bronze tablet stamped "604 K" 604.871 

Mead station, 0.5 mile south of, on Ashland Ck>al and Iron Railway, 
200 feet southwest of house on west side of road, comer stone west 
end of culvert; chisel mark 590.92 

Mead station, 1 mile north of, 81 feet north of small bridge, 15 feet east 
of center of road, in sandstone bowlder; bronze tablet stamped 
" 638 K " 639.221 

Ashland, Chesapeake and Ohio station, on Carter avenue, between 
Twelfth and Thirteenth streets, south side of building, 2 feet above 
ground; bronze tablet stamped "556 K" 556.531 

ASHLAND ALONG CHESAPEAKE AND OHIO RAILWAY VIA CATLE1T8BUBO TO HAMPTON. 

Ashland, 1.5 miles east of, on Chesapeake and Ohio Railway, girder 
bridge over electric railway, on top stone at south end of west wing 
wall; chisel mark ^ 555.74 

Catlettsburg, . Louisa street, between Franklin and Clay streets, in 
court-house yard, at northwest corner of clerk's office, 1 foot above 
water table; aluminum tj'.blet stamped "549 K 1900" 550. 308 

Catlettsburg, Big Sandy National Bank (U. S. Ekigineer's bench mark 

U 

"316 A"), on window sill; chisel mark BDM 548. ©0 

S 

BUCHANAN WESTWARD TO MAYHEW. 

Buchanan, in front of station; top of east rail 558.3 

Buchanan, 150 feet south of, overhead railway bridge (B. S. 189), in 
top stone at east end of north pier; bronze tablet stamped "554 K 
1900 " 5&4. 231 

Mayhew, 850 feet west of post-office, at northeast corner of bridge over 
Bolts Fork, 4 feet lower than bridge, on bridge seat; chisel mark 682. IS 

BUCHANAN SOUTHWARD ALONG CHESAPEAKE AND OHIO RAILWAY (BIG 8ANPY 

DIVISION) TO GALLUP. 

Buchanan, 1.7 miles south of, trestle No. 206, in guard rail at southeast 
end; top of bolt 563.03 

Fuller, 300 feet north of station, 5 feet west of railroad at east edge of 
highway, 30 feet north of white house, In sandstone ledge; bronie 
tablet stamped "572 K 1900" 57a 874 

Poters, In front of station ; top of rail 573 

Louisa, W S. Engineers' bench mark No. 13 Big Sandy, at Lock No. 3, 

in engineers* office yard 5G9. 081 

Louisa County court-house, north face, west side, in foundation ; alumi- 
num tablet stamped "584 K 1900" ^=^ ^ 582.419 
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Feet. 
Gallup, at G. C. McClure's house, in stone step to house ; bronze tablet 

stamped "591 K 1900" 589. 37C 

Gallup, 0.6 mile west of, IT. S. Engineers' bench mark No. 5 Big Sandy, 

50 feet south of west end of trestle No, 403 590.289 

GALLUP WESTWARD TO PBOSPEBITY. 

Adams, 2 miles south of post-office, at M. R. Hayes's residence, in south- 
west comer of foundation; bronze tablet stamped "667 K 1900 "__ 666.591 

IBAD NOBTRWABD 5 MILES, THENCE SOUTHEASTWARD VLA YATESVILLE TO LOUISA. 

Yatesville, 3 miles northwest of, in field on south side of and 45 feet 
from center of road, 135 feet from southwest comer of Green Valley 
schoolhouse, in north side of large sand rock ; bronze tablet stamped 
" 598 K 1900 " 596. 85(5 

MATHEW WESTWARD TO DENTON, THENCE NORTHEASTWARD ALONG ASHLAND COAL 
AND IRON RAILWAY TO PtllNCESS, THENCE EASTWARD TO CANNONSBURG. 

Dttiton, 4.5 miles east of, on top of hill 60 feet north of road, at old 
road going north, old abandoned frame house, on foundation at 
southeast comer; chisel square , 905.39 

Denton, Chesapeake and Ohio Railway station, 200 feet northeast of, 16 

feet east of center of main track, in top stone; chisel mark 669.84 

I>€iiton, 1.5 miles east of, 200 feet north of road crossing at southwest 
end of Means tunnel on Ashland Coal and Iron Railway, 15 feet 
west of highway, in sandstone ledge ; bronze tablet stamped " 787 
K 1900" 787.794 

Grant station, at southwest comer of girder bridge No. 11, 30 feet west 

of switch stand near station, on bridge sent; chisel mark 685.92 

Geigersville, 800 feet north of Rush post-office, 600 feet south of coal 
dump, 330 feet south of road crossing, at southwest comer of rail- 
road bridge No. 10, in bridge seat; bronze tablet stamped "639 K 
1900 " 639. 442 

Coal ton station, west of tool house near, at northeast corner of railroad 

bridge No. 6, in bridge seat; chisel mark 615.03 

ARGILLITE SOUTHEASTWARD VIA NAPLES TO PRINCESS. 

T^aples, 1,300 feet north of post-office, at southwest corner of overhead 
highway bridge across Blast Fork on or near Boyd-Greenup county 
line, in bridge seat; bronze tablet stamped "571 K 1000" 570.839 

I*rlnc€S8, 3.25 miles northwest of, at northeast corner of highway bridge 

over Williams Creek, east of log house, on abutment; chisel mark 571.67 

AJMHIXITE SOUTHWESTWARD VIA OLDTOWN AND EUCLID, THENCE NORTHWARD TO 
HEAD OF CLAYLICK CREEK ( SINGLE-SPUR LINE.) 

Oldtown, Mrs. Womack's hohse, 350 feet north of Oldtown Creek bridge, 
on west side of road, in foundation stone on east side of house, 6 
feet from southeast comer; bronze tablet stamped " 558 K 1900" 556. 843 

Olaylick Creek, head of, on ridge where road turns to right to go down 
creek, near site of former schoolhouse, on north side of I'oad between 
J. H. Hally's and W. J. Rally's, in ledge; bronze tablet stamped 
"957 K 1900" 956. 1^5 
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OLDTOWN SOUTH WABD TO HOPEWELL, THENCE SOUTH WABD ALONG EASTERN KEN- 
TUCKY RAILWAY TO GRAYSON. 

Feet 

Grayson, 0.4 mile west of railroad, at southeast comer of foundation 
of court-house; aluminum tablet stamped "686 K 1900" C84.996 

GRAYSON EASTWARD VIA SENEY TO KILGORE. 

Grayson, 5.6 miles east of, on north side of road, 15 feet from center, 
near top of Crib Hill, in sandstone ledge; bronze tablet stamped 
"834 K 1900" 832.874 

Kilgore, 1.3 miles west of, in road between W. C. Hargio*s residence 
and the old store of Norton Iron Works, on sandstone bowlder; 
chisel mark 661. 34 

GRAYSON SOUTHWARD ALONG EASTERN KENTUCKY RAILWAY TO WILLARD. 

Grayson, 0.5 mile south of, at southeast corner of railroad bridge over 
Little Sandy River, on abutment; chisel mark 588.69 

E. K. Junction, 0.5 mile east of, at southwest corner of Chesapeake 
and Ohio Railway bridge No. S442, on bridge seat; chisel mark 604.03 

Wlllard, 3 miles north of, 6 feet from southwest comer of railroad 
bridge No. 9, on abutment; chisel mark 613.60 

Wlllard, 1,400 feet east of station, at northeast corner of railroad 
bridge No. 15 over Dry Fork, in bridge seat; bronze tablet stamped 
"625 K 1900" 624.462 

WILLARD SOUTHEASTWARD ALONG EASTERN KENTUCKY RAILWAY TO WEBBVILLK, 
THENCE SOUTHWARD ALONG PUBLIC ROAD VIA IRONTON HILL TO BLAINE. 

Webbville, 5.8 miles south of, south of small house near south forks of 
road, on west side, 30 feet from center, in sandstone ledge; bronze 
tablet stamped "916 K 1900*' 914.926 

Cherokee, 0.5 mile north of mouth of Cherokee Creek, east of road, 
south of small house, in sandstone ledge; bronze tablet stamped 
"646 K 1900" 645.5^ 

BLAINE WESTWARD ALONG BLAINE CREEK TO MARTHA, THENCE NORTHWARD VIA 

SARAH TO WILLARD. 

Blaine, 0.3 mile west of, at northwest comer of highway bridge over 
Blaine Creek, on bridge seat; chisel mark 655.94 

Martha, 0.4 mile north of, on east side of road, 25 feet higher than 
road, 36 feet north of oak tree on same side of road, in sandstone 
ledge; bronze tablet stamped "736 K 1900" 735.554 

I^Melden, 2 miles east of, at Pennington's store, mouth of Hurricane 
Creek, W. L. Pennington's house on south side of road, in foundation 
under northeast corner; bronze tablet stamped "698 K 1900" 696.921 

Wlllard, 5 miles southwest of, on west bank of Little Fork, 0.5 mile 
north of I^vl Pennington's, in sandstone ledge between public road 
and creek; bronze tablet stamped "650 K 1900" 649,725 

BLAINE CREEK NORTHEASTWARD VIA PROSPERITY TO IBAD. 

Irad, 2 miles west of, 0.25 mile east of log schoolhouse, on north bank 
of Blaine Creek, south side and 5 feet from center of road, west of 
house near, in large sand rock ; bronze tablet stamped " 630 K 1900 *'. 62a iS4 
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Drainage, description of 11-12 

Dry Fork; coal on 99, 102-103, 104-105, 108 

coal on, section of, figure showing 103, 107 

Dry Ridge, Ky.,coalon 47 
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Fourmile Creek, coal on 67 

Fourpole Creek, well on, section of 137 

Fradd station, Ohio, description of 142, 145 

O. 

Gamer Creek, coal on 65,66,67 
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Geology, description of 13-24 

G«oIogy, economic, account of 24-141 

Glass sand, occurrence and character of 133 

Gould station, Ohio, description of 142, 144 

Gragston Creek, coal on 15, 16, 40 

Grant, Ky., coal at 69 

coal at, section of, figure showing 68 

Grayson, Ky., coal at and near 88,93,95 

coal at and near, sections of, figures 

showing 89 

well near, section of 136 
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H. 

Hanging Rock, Ky., location of 9 

Hanging Rock limestone, oorzelation of ... . 19 
Barriat Brandi, day of 120 
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occurrence and character of 31-32 

position of 16,26 

Henry Branch, coal on 82 

coal on, section of, figure showing 82 

Hilton Branch, coal near 107 

coal near, section of, figure showing 107 

Hislop, O. R., on Kentucky cannel coal.... 89-91 
Hocking Valley coal, analyses of 72,73 

character of 72 

Homewood sandstone, clay of 119-120 

occurrence and character of 18, 

32,62,83-^106,132 

structure of 23 

Hood Creek, coal near 66,79,80,109-110 

eoalnear, section of 81 

section near 64 

Hopewell, Ky., coal near 94,95 

Horseford Creek, well on 134 

Howland station, Ky., description of 142, 144 

Huff Creek, coal on 106 

Hunnewell, Ky., coal near 82, 85, 88-^,92 

' coal near, analyses and tests of 90-91 

section of, figure showing 80 

Hurricane Creek, coal near : 100 

Hurricane Creek (Right Fork) , coal on 45 

coal on, section of, figure showing 43 
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Igneous rocks, occurrence and character of. 21-22 

Illinois, coals from, analyses of 73 

Indiana, coals from, analyses of 73 

Irad, Ky., eoalnear 50 

rocks near 24 

Irish Creek, coal on 102 

Iron ores, abandoned furnaces for, views of . 123 

character of 122 

description of 122-130 

occurrence of 62,64,65,122 

position of 123 

Ironton, Ohio, coal at 75 

Ison Creek, coal on 102 

coal on, section of, figure showing 103 

rocks on 21 

J. 

Jackson Shaft coal, correlation of 04 

Johns Branch, clay near 120 

eoalnear. 100,102,103,106 

section of, figure showing 104 

fire clay on 20 

Jordan Fork, coal on 98 

K. 

Kenova, W. Va., location of 9 

origin of name of 9 

rocks near 17 

Kentucky, geologic correlation of, with 
Pennsylvania and Ohio, chart 

showing 28 

Kenova quadrangle in 9 

Kentucky Geological Survey, work of 9-10, 71 

Keyes Creek, coal on 66,76 

coal on, section of, figure showing 76 

Keyet Creek ooal. See Window ooal. ^j, 
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Kidney (iron) ores, amdyaes of 129 

character of 123»128-129 

occurrence of 128 

position of 26,65,128 

Kilgore, Ky., coal at, section of, figure show- 
ing 68 

Kimberlite, occurrence and character of 21-22 

Knob Branch, coal on 106 

L. 

Laurel, Ky., coal near 92 

Leadenham Branch, coal on 108 

coal on, section of, figure showing 107 

Levisa Fork, coal on and near. . 50,51-52,54,57-58 
coal on and near, sections of, figures 

showing 61 

iron ores on 1 29 

Lick Branch, coal on 100,101 

coal on, sections of, figures showing 100 

Lick Creek, coal on and near. ... 32, 47, 48, 52, 55, 58 
coal on and near, section of, figure show- 
ing 34,46,51 

Lick Creek coal, analyses of 53 

correlation of 26-27 

occurrence and character of 50-54 

sections of 51,52^ 

figures showing 61 

Limestone coal. See Winslow coal. 

Limestone (iron) ores, analyses of 125 

character ot 122-123,124-126 
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position of.. 123-124 

figure shewing 123 

Limestones, oeeurrence and character of . . . 122, 

130-131 
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Little Blaine 0»ek, coal on 54,55,58 

coal on, sections of, figures showing 51,59 

Little Cannel coal, analyses of 59-60 

correlation of 26-27, 39 

occurmice and character of 58-60 

sections of, figures showing 59 

See also Barrett Creek coal. 

Little Fork, coal near 100,104,107 

coal near, section of, figure showing . . 100,107 

Little Hurricane Creek, coal on, sections of, 

figures showing 43 

Little Ice Creek, coal on, section of, figure 

showing 34 

view on 14 

Little Sandy River, alluvium on 15 

clay on 121 

coal on 81,92 

Little Sandy Valley district, coals of 84-95 

extent of 82-83 

geology of 83-84 

Location, map shewing 14 

statement on 9 

Locks, construction of 13 

Logan clay. See Sciotoville clay. 

Lost Branch, coal on 99,100 

coal on, sections of, figures showing 100 

Lost Creek, coal on 94 

coal on, section of, figure showing 93 

Louisa, Ky., clays near 113, 115 

coal near 17, 47, 48 

rocks near 24 

section near 42 
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Lower Freeport coal. See Hatcher coal. 

Ix>wer Gavitt Creek, coal on. £0 

sections on 57 

figures showing 51 

Lower Klttanning ooal. See Winslow coaL 
Lower Hercer coal. See Torchlight coaL 
Lower Productive Heaoures. occurrenoe 

and character of 18-19 

Lower Stinson coal^ correlation of 26-37 

extent of 87-fi8 

occurrenoe and character of 87-4)8 

Lower Waterloo coal. See Coalton coaL 

M. 

MoHenry's ooal. See Torchlight coaL 
Mahoning sandstone, occurrenoe and oharao- 

terof 15,16,17,43,132,138 

view of 14 
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Mavity, Ky., ooal at, section of. figure show- 
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Maxton sand, occurrenoe and character of 13»-140 
Maxville limestone, iron ores of 126 

occurrenoe and character of 20-21, 

83-84,126,134-116 

Metals, nonoccurrence of 25,138 

Mile Branch, coal on 69 

MiU Creek, clay on 117 

ooal on 45 

Mineral City ooal. See Coalton coaL 

Mineral resources, description of a#-Ul 
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MiUer Creek, coal on 4B 

section of , figure showing 48 

Mississippian rocks, occurrence and charac- 
ter of 20-21,135-138 

Monongahela formation, ooal in 15,37,40 

occurrence and character of 16,37 

Moore. P. U., work of 10.126 

MorriU.W. N.,workof 147 

Mount Savage. Ky., ooal near 86-86,102 

coal near, section ot figure showing 85 

Mud seam, occurrence and character of 108 

Music, Ky.,ooal near 79 
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Nelsonville coal. See Coalton coaL 
Newcastle. Ohio, coal at, section of. figure 

showing 76 

Newcastlecoal, occurrence and character of. 35-96 

position of 19,32 
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figures showing 34,76 
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GEOLOGY OF THE RANGELY OIL DISTRICT, RIO BLANCO 
COUNTY, COLORADO, AVITH A SECTION ON THE 
WATER SUPPLY. 



By HoYT S. Gale. 



rNTRODUCTION. 

LOCATION OF THE FIELD. 



The Rangely oil field is situated in Raven Park, in the extreme 
northwestern part of Rio Blanco County, Colo. It lies a short dis- 




Fio. 1. — Index map showinsr location of Rangely oil district. 

tance north of the Colorado base line, which is approximately the 
fortieth parallel, and 10 to 15 miles east of the Colorado-Utah line. 
(See fig. 1.) The field occupies a basin which is a broadened portion 
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6 GEOLOGY OF RANGELY OIL DISTRICT, COLORADO. 

of the lower White River valley. It is included within the block 
of townships 1, 2, and 3 north of the base line in ranges 101, 102, 
and 103 west of the sixth principal meridian. Rangely post-office, 
from which the oil field takes its name, is the center of the scattering 
settlement along the immediate valley of the river, which skirts 
the southern margin of the basin. The post-office is about 33 miles 
from Dragon, Utah, the present terminus of the Uintah Railway. 
The trip from Dragon to Rangely can be readily accomplished in a 
single day, but must now (summer, 1907) be made by private con- 
veyance, as no regular means of transportation is provided. Stage 
and principal mail connections from Rangely are by way of Meeker, 
the county seat of Rio Blanco County, which is 60 miles distant by 
road up the White River valley. A stage runs from Meeker to Rifle, 
a station on the Denver and Rio Grande Railroad, about 45 miles 
farther on. The whole trip from Rangely to the railroad by way of 
Meeker occupies about two and one-half days of actual travel, not 
including probable delays incident to the stage connections. 

SCOPE OF THE PRESENT REPORT. 

Present interest in the Rangely district centers mainly in its pros- 
pective development as an oil field. The intelligent study and ex- 
ploitation of its oil resources must of necessity be based primarily on 
a knowledge of its geologic structure and rock formations. The field 
has already been described in the reports of the early geologic explora- 
tion of this general territory. The keen observation and admirable 
descriptions of C A. White, who as geologist of the Hayden Survey 
studied this district in the early seventies, have appealed strongly to 
the popular understanding and have gained ready acceptance as a 
basis for the interpretation of many later problems of the field. 

The present report is intended as a review of the geology of the 
field in greater detail than was possible in the early exploration and 
reports. It is also the purpose herein to discuss the conclusions 
reached in that earlier work and to correct some misinterpretations 
which are now widespread and probably originated there. The exten- 
sion of detailed geologic study in Cretaceous and Tertiary strata of 
the Rocky Mountain and Plateau provinces in the last few years by 
various field parties of the Geological Survey has made available 
much additional evidence bearing on the general problems of the 
geologic history of these regions. 

The maps (Pis. I, II, in pocket) are new and more accurate and 
detailed than any hitherto available. The structure sections (PL III. 
p. 34), though necei^sarily based largely on theoretical assumptions, are 
nevertheless carefully worked out from all the evidence available and 
are thought to be good representations of the relative thicknesses and 
structure of the stratigraphic formations that underlie this district- 
Digitized by LjOOQIC 



IIS'TRODUCTION. 7 

It is hoped that the description and discussion given herein may prove 
to be of practical value in the economic development of the field. It 
is beyond the scope of this paper to make any specific predictions as 
to sites or possible productiveness of wells. The chief purpose, as 
suggested by the title of the paper, is to present a study and discussion 
of the geology of the district in which the oil has been found. 

FIELD WORK. 

The field work which forms the basis of this report occupied a 
period of about one month in August, 1907. The primary object of 
the work in this region was an investigation of the coal fields in this 
part of the State, for the purpose of determining their probable ex- 
tent and value and of making a classification of the public lands. 
The topographic and geologic mapping is the work of John Allen 
Davis, Charles W. Stoops, and the writer. 

TOPOGRAPHIC MAP. 

The topographic map (PL I) which accompanies this report and 
serves as a base for the geologic mapping is a part of a larger map 
now (December, 1907) in course of preparation, intended for publica- 
tion in a report on the coal fields of this general region. The amount 
and character of the surface relief of the region are represented by 
contours, or lines of equal elevation, spaced at vertical intervals of 
100 feet. These were drawn in the field and to a large extent the 
sketching was done from the land-survey lines and comers. All the 
section corners that were found are shown by a symbol on the map, 
so that some estimate may be made of the relative accuracy of the 
sketching and locations by noting the corners and lines from which 
the information was obtained- In addition to the sketching and re- 
tracing of section lines, a number of the main roads of the district 
were traversed with plane table, this work being tied to land-survey 
corners, with intersections and angles of elevation recorded to promi- 
nent points for control. 

The recently completed resurveys of the land subdivision lines were 
found to be in most satisfactory condition, so far as they could be 
checked by the methods employed during the present work. Most of 
the corners along the lines traversed were readily found and fairly 
well marked. It is to be regretted, however, that some of the monu- 
ments or corner stakes and markings are not of a more durable char- 
acter and in a more permanent form. The well-established lines of 
this new land survey formed an excellent base for the horizontal con- 
trol of the map here presented. These lines have been plotted accord- 
ing to the standard polyconic projection, with due allowance for con- 
vergence and curvature for the scale adopted at the given latitude. 
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The Colorado base line is approximately the fortieth parallel. The 
latest survey of this base line is a reestablishment of the older sur- 
veyed line, replacing the old corners by the present ones, which are 
set at 1-mile intervals according to the last and presumably most 
correct measurements. 

Elevations shown on the map are based on and corrected to two 
lines of railroad surveys and levels, which traverse the Rangely dis- 
trict from east to west, one extending down White River and the 
other crossing by w ay of the longitudinal valley at the southern foot 
of Blue Mountain.** In order to record these data the alignments 
are shown on the map, together with the elevations given at various 
points along them. With future and more carefully adjusted work 
it will doubtless be found necessary to apply some minor corrections 
to the elevations that are given here, but in view of the somewhat 
incomplete connections with any well-established datum that are now 
obtainable no attempt has been made to revise the figures of the origi- 
nal survey. The following checks are obtained at the points named, 
which are independent and situated at either end of the line used : 



Elevations at Nciccastle, 


Colo., and Green River, Utah, 




• 


Colorado 
Midland Bail- 
way survey 
via White 
River. 


Denver and 

Rio Grande 

Railroad 

levels.* 


Denver, 
Northwest- 
em and Pa- 
clfle (Moffat) 
Railway sur- 
vey, cor- 
rected to 
Denver. 


Evident 


Newcastle - 


Feet. 
5,570 

4,728 


Fett, 
5.552 


Feet, 

" 

»4.715 


Feet, 

—18 


Green River, Utah, mouth of Ashley Creek, 
water levels 


—13 









« Gannett, Henry, Dictionary of altitudes In United States, -Ith od.: Bull. U. 8. Gwl. survey. 
No. 274. 1906. 
* Approximate. 

The sketching of topography throughout the rest of the field is 
based on elevations detennined by aneroid barometers. 

GENERAL DESCRIPTION. 

LOCALITY NAMES AND SETTLEMENT. 

The Rangely Basin was first called Raven Park by C. A. "White, 
who as geologist of the Hayden Survey visited the region in 1875. 
As a topographic basin it presents a curious contrast to the surround- 
ing broken and more rugged country. The district as an oil field is 



« Routes were Burvoyed through the Raven Park district In December, 1886, and 
January, 1887, also in .Tuly, 1887, by the Colorado Midland Railway, to whose courtesy 
the writer Is Indebted for the use of the survey notes. Acknowledgment is also due to 
Mr. r. F. Mallon. of (^olorado City, Colo., for his kindness and assistance In looking up 
these old records. 
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now more generally known as the Rangely Basin, from the post- 
office located there. AVhite defines the term " park " in the intro- 
duction to his report,^ and according to that definition his use of the 
term to describe the White River valley at Rangely is correct. Ac- 
cording to popular usage in the Rocky Mountain region, however, 
the term perhaps implies somewhat of the picturesque quality, a 
park being an open glade or valley surrounded or partly inclosed 
by timbered hills. With such a meaning the term would hardly be 
appropriately applied to the Rangely Basin. This basin is in truth 
a desolate waste of dry washes and almost barren clay ridges, except 
only the immediate valley bottoms of '\Miite River. There is prob- 
ably but little change since the time of the Hayden Survey, beyond 
the establishment of scattering ranches along the river flats. A few 
wagon trails and wood and coal roads lead out over the ridgas or 
among the well-drillers' camps and these, with an idle derrick or two 
and well-drillers' cabins, are the only present signs of habitation. 

OUTLINE OF THE BASIN. 

The Rangely Basin is irregularly oval in outline, its longer diameter 
extending from northeast to southwest with a total length of about 
15 miles. The low valley portion, or Raven Park, has an approximate 
width of about 5 miles. The valley itself is bordered by an escarp- 
ment rim, averaging about 500 feet in height, which presents a steep 
scarp or cliff facing inward toward the basin center. This innermost 
escarpment edge is locally known as the " rim rock " and is easily 
recognized as the upper limit or cap rock of the oil-bearing shale, 
from which the park has been eroded. Beyond the " rim rock " the 
ridges dip away in more gradual slopes, rising in successive steps 
upon cliffs of the higher sandstone strata. Higher steep escarpment 
bluffs above and beyond the " rim rock " face inwaiul in concentric 
arrangement rudely parallel to the margin of the park. Sharp rocky 
canyons intersect the surrounding ridges, draining into the central 
valley. 

DRAINAGE. 

Wliite River enters the park through a canyon at its southeast ex- 
tremity, flows along the southern margin, and leaves again by another 
canyon. Below the park the river flows continuously in a deepening 
canyon for the remainder of its course in Colorado. Raven Park thus 
lies for the most part north of the river valley. Besides the river 
itself one perennial stream enters the park from the south. This is 
Douglas Creek, which drains an extensive area south of White River. 
Its headwaters reach back to the divide between AMiite and Grand 
rivers along the summit of the Roan or Book Cliffs Plateau. North of 

« Rpport on gpologj' of u portion of northwostorn Colorado : Tenth Ann. Reni^ U. S. C^ol. 
and Ooog. Surv. Terr.. 1878, pp. 9. Digitized by CjOOQ IC 
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White River the principal drainage is a wet-weather stream known 
as Stinking Creek, originally named Unga-too-roosh on the Hay den 
maps. This, like most of the other drainage channels of the region, 
is dry most of the summer except immediately after heavy showers, 
when it runs full with thick muddy water for a few hours only. All 
these waters are heavily charged with alkaline salts. 

SURFACE AND VEGETATION. 

The dry, hard soil supports but little vegetation. The clay ridges 
are sparsely covered with the interminable sage, greasewood, and 
prickly pear. Along the immediate channels of the dry washes the 
same shrubs are found in thicker growth. The ground absorbs but 
little water even after the occasional floods of the summer storms. 
In heavy showers the water barely wets the top of the groimd, run- 
ning off rapidly and leaving the surface to harden again and crack 
in the dry air. Lack of water supply, absence of feed for cattle or 
horses, and the general destitute character of the region as a whole 
had caused but little value to be attached to the land until the 
existence of oil was discovered seven or eight years ago. 

ROCK FORMATIONS. 

GENERAL SUMMARY. 

The rocks exposed in the vicinity of the Rangely field represent 
a large interval in the geologic time scale. On the great axes of uplift 
that form a part of the Uinta Mountain system north and northwest 
of Raven Park erosion has exposed the oldest rocks that occur in the 
region. On the southern flanks of Blue Mountain rocks as low as 
Carboniferous are brought to view, and from Blue Mountain south- 
ward a thickness of more than 7,500 feet of tilted Mesozoic strata is 
exposed in detail. These beds overlie the incompletely exposed section 
of Paleozoic rocks and in turn are covered by a similar thickness of 
Tertiary strata toward the south. The following list of formations 
and periods is given to outline the groups into which these strata are 
subdivided for purposes of description : 

Summary of formations exposed in the Rangely district as represented on the 
geologic map {PI, II, in pocket). 



Period. 



Formation. 



Derivation of the formation names. 



Tertiary _. |wa8ateh!!-"iri""I"riI~IIIIIIIIIl}^^*^' ^o^eU, and Hayden reports. 

(Unconformity.) " " I 

Mesaverde formation \r>.^ « 4.u «. ^ i j _^ 

Mancos shale. .JCross, southwestern Colorado report*. 

Dakota sandstone i Meek and Hayden and others. 



Cretaceous. 
Jurassic — 



" Flamlne: Gorge " \\ 

White Cliff " /Powell, Geology of Uinta Moontaina. 



A discussion of the occurrence of the Rangely oil is directly con- 
cerned only with the Cretaceous formations of the preceding table. 



BOCK FOBMATIONS. 11 

For this reason the descriptions here given are largely confined to 
these formations and include only brief mention of such strata above 
and below as naturally fall within the field included by the geologic 
map. It is the intention of the author to present a fuller discussion 
of the more complete stratigraphic section in a later paper.* 

PRE-CRETACEOUS ROCKS. 

Immediately below the Dakota sandstone is a mass of variegated 
badland-forming shale and clay, including some harder beds of 
limestone and sandstone, together with a peculiar dark cherty, 
siliceous conglomerate almost exactly like that commonly found 
with the Dakota formation above. The shale or marl is prevailingly 
of greenish and pinkish shades, with some beds that weather yellow. 
The lower 100 to 150 feet of this formation is composed of darker- 
colored beds, fine greenish sandstone and calcareous rock. Limestone 
layers composed largely of shells are present near the base, although 
the general character of the beds seems to indicate much limy or 
marly material throughout. These beds have an approximate thick- 
ness of 800 feet, as measured near the base of Blue Mountain. They 
are well represented in the excellent exposures on the steep northern 
slopes of the Dakota hogback in that locality, the more resistant sand- 
stones of the Dakota formation capping and preserving from erosion 
the upper members of these weaker beds. The lower beds almost 
invariably form valleys, and as they are usually tilted at considerable 
angles, their outcrop is a relatively narrow strip between inclosing 
ridges. The lower strata of these variegated beds are of marine 
origin, as shown by the fossils they contain; the upper part, by 
analogy with other and better-known sections, is supposed to be com- 
posed largely of fresh-water deposits. 

The variegated and shaly beds are limited at the base by a second 
group of sandstones which, like the Dakota, usually forms a steep 
rocky ridge. This group is more completely composed of sandstone 
than the Dakota, and is even more conspicuous as a ridge maker. It 
is usually very white and massive and cross-bedded to an extreme 
degree. 

The variegated beds are of Jurassic age and probably correspond in 
their upper or supposedly fresh-water part to the Morrison formation 
east of the Rocky Mountains. They have also been variously named 
" Flaming Gorge," McElmo, and in part Gunnison in the Uinta 
Mountain and western Rocky Mountain regions. The relations of 
these formations are indicated in the correlation table on page 27. 
The cross-bedded white sandstone is also of Jurassic age, as is shown 
by fossils obtained from this field. It is with little doubt the equiva- 

" Coal fields of northwestern Colorado and northeastern Utah : Bull. U. S. Geol. Survey 

do preparation). C^ r^r\n]i> 
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lent of the " White Cliff " sandstone mapped by Powell on the north 
side of the Uinta Mountains, and also seems to be with almost equal 
certainty equivalent to the La Plata sandstone <* of the southwestern 
Colorado sections. The following fossils were collected from these 
formations during the last season, and are considered to prove con- 
clusively the Jurassic age of the beds in which they were found. All 
are of marine types, being from the basal portion of the variegated 
beds and from the upper half of the cross-bedded white sandstone. 

Fossils collected from the Jurassic rocks north of Raven Park,^ 
Variegated beds: 

Ostrea sp. 

Ostrea strigilecula White. 

Eumicrotis curta (Hall). 

Taucredia (?) inornata Whitfield. 

Astarte sp. 

Belemnites densus M. and H. 
Cross-bedded white sandstone: 

Trigonla quadrangiilaris II. and M. 

Tancredia sp. 

The principal economic interest that has as yet been attached to 
these beds is due to the occurrence of deposits of ores of uranium and 
vanadium in the massive cross-bedded sandstone. These deposits 
have been elsewhere described.*^ A single observed occurrence of a 
bed of hard black carbonaceous material which is probably an im- 
pure coal has been found in Red Wash Creek where its channel cuts 
the ledges of cross-bedded Jurassic sandstone, the bed. outcropping 
among the upper members of that formation. The coal is 2 to 3 
inches thick and only slightly weathered, occurring at water level in 
the rather badly disintegrated sandstone. Although very poorly 
exposed, it is apparently interstratified with the sandstone itself. 
The analysis of this material has given the following results :•* 

Contains less than 1 per cent of matter soluble in carbon disulphid and does 
not soften in flame; therefore is not gilsonite or related hydn>carbon. As a 
coal it has api)roximateIy the following composition : 

Annlj/sis of coal from Red ^VaHh Creek. 

Moisture 10.5 

Volatile matter 42.11 

Fixed carbon 42.0 

Ash 4.6 

1<K).0 

"Cross. Whitman, Stratigraphlc rosiilts of a roconnaissance In western Colorado and 
Utah : Jour, (leology, vol. 15, 1007, p. 642. 

* Determinations by Dr. T. W. Stanton ; collections now In United States Natloaal 
Museum. 

^ Contributions to Economic Geology, 1907 : Bull. U. S. Geol. Survey No. 340, 190S. 
pp. 2ri7-202. 

«» Analysis No. 2262 by R. C. Sullivan, in the chemical laboratory of the United States 
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DAKOTA SANDSTONE. 

The Dakota sandstone does not come to the surface in Raven Park, 
but is well exposed in the foothill ridges at the southern edge of Bhie 
Mountain, a few miles farther north. This formation lies at the base 
of the oil-bearing shale and has been supposed by many interested 
in the development of this field to offer highly favorable conditions 
for the storage of large bodies of oil. It has thus been the objective 
point for most of the deeper wells drilled in this field. 

The remarkable persistence of its lithologic character and its con- 
tinuity of exposure over such extensive areas have led to the ac- 
ceptance of the Dakota sandstone as a key rock for the correlation 
of widely distributed stratigraphic sections of the Mesozoic rocks, 
both above and below that horizon. Few fossils have been obtained 
from it in the territory adjacent to the Rangely field, and its recog- 
nition there is based on tracing from other fields, on its position im- 
mediately below the abundantly fossiliferous lower Mancos (Benton) 
shale, and on the lithologic constitution of its beds, which correspond 
to those widely accepted as characteristic of the Dakota. 

Although the details of the formation exposed at the southern foot 
of Blue Mountain can hardly be expected to correspond i>recisely to 
those of the formation as it lies underneath the Rangely field, a 
description of the Blue Mountain section contains the best available 
estimate of the character and thickness of these beds than can now be 
had. The following measurements were made of the tilted strata 
exposed near the headwaters of Willow Creek, one of the principal 
tributaries of Stinking Creek, in the NW. i SE. J sec. 12, T. 3 N., R. 
103 W. 

Section of Dakota sandstone at Willow Creek. 

Feet. 

1. Sandstone, weathered brown (overlain by dark-gray and 

black slaty shale, supposed to represent the base of the 
Mancos [Benton]) 10 

2. Shale with beds of white clay and a hard siliceous con- 

glomerate; shale very black and slaty near its base 110 

3. Sandstone, white, cross-bedded, containing conglomerate 

layers 40 

4. Interval, probably shale, covered by sandstone slide- - 

rock ISO 

5. Sandstone 3 

0. Shale, variegated in colors of pink and green, containing 

also one or more beds of dense reddish-purple limestone— 05 
7. (Conglomerate, of coarse, perfectly rounded pebbles in a 
scant sandy matrix; pebbles largely of chert and 
siliceous material 45 

4s:j 
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Doctor Stanton has expressed the opinion that Nos. 4 to 7 of the 
Willow Creek section as indicated above may be found to be older 
than the Dakota. He says "the variegated shale (No. 6) suggests 
the Morrison or possibly the Fuson of Darton's Black Hills section," 
If this opinion is correct the massive conglomerate stratum so 
naturally included in the base of the Dakota may really be a part of 
the underlying Jurassic formations and not Dakota at all. This view 
is given only as a tentative suggestion. 

The Dakota outcrop extends westward from the Willow Creek 
locality continuously, with much uniformity in character and thick- 
ness, to and beyond the Colorado-Utah boundary. It there forms a 
steep, rocky ridge whose summit is composed of the heavy basal 
stratum of coarse conglomerate, resting immediately upon the 
variegated clay of the underljdng Jurassic. East of the Willow 
Creek locality the coarse basal conglomerate is found as far as Red 
Wash Creek, beyond which it is thin or wanting entirely. Xear 
Three Springs, about 15 miles east of Willow Creek, the whole 
Dakota formation is thin, being apparently represented by an out- 
crop of two inconspicuous sandstone beds, each not over 10 feet in 
thickness, separated by an interval of shale. 

The only fossils that were found in these beds consist of a few very 
indistinctly preserved leaves. These were collected in a prospect pit 
exposing a black carbonaceous shale included between the massive 
white sandstones near the top of the formation. The pit is situated 
in the SE. i sec. 5, T. 3 N., R. 101 W., just north of the Yampa River 
and Vernal wagon trail and near the headwaters of the west fork of 
Red Wash Gulch. The specimens collected could not be identified, 
but the locality may serve as a guide in further search for better 
material. 

MANGOS SHALE. 

The formation next above the Dakota is the Mancos shale, a thick 
mass of homogeneous clay shale with a few more sandy layers. It is 
considered here as a single unit, although it has formerly been sub- 
divided into various formations, largely on paleontologic grounds. 
The relation of the Mancos shale to the subdivisions of the earlier 
explorers is indicated in the correlation table on page 27. From 
this it may be seen that Mancos includes all that has been previously 
termed Colorado and also a part of that classed as Fox Hills by 
White, of the Hayden Survey. It thus includes also the Benton, 
Niobrara, and a part of the Pierre formations, according to a classi- 
fication of the Cretaceous section based on subdivisions originally 
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adopted for strata of the upper Missouri River and adjoining fields. 
In brief, the Mancos is intended to include all of the predominatingly 
shaly strata above the Dakota and below the massive sandstones of 
the next succeeding or Mesaverde formation. 

Raven Park is eroded on the Mancos shale, and it is in this forma- 
tion that the oil of the Rangely field has been found. The least- 
altered exposures of these beds known in this area are those found 
in the bluffs along the north side of White River. Here the sliale 
occurs in slightly weathered condition and presents a more compact, 
slaty appearance than is usual for this formation. Where fresh and 
undisturbed the shale is dark and fine grained, and in part at least 
shows thin lamination with considerable cross jointing. As more 
commonly exposed in escarpment bluffs or in wash banks of the many 
intermittent drainage channels, it dries to a lighter-gray color, blend- 
ing with that of the soil into which it so readily breaks down. By 
reason of its nonresistant nature this formation commonly gives way 
to a heavy clay soil cover over low, rounded slopes, and is rarely 
exposed in a fresh condition. 

The basal part of the Mancos shale may be naturally and readily 
distinguished as a distinct division of the formation, ai>d contains 
Benton fossils. The Dakota sandstone is almost invariably overlain 
immediately by 200 feet or more of dense black slaty shale, which 
usually forms a long, low valley on the dip-slope side of the Dakota 
ridge. Above these beds is a similar thickness of shaly strata contain- 
ing a number of more resistant beds of sandstone and limestone, which 
usually give rise to a distinct line of minor hogbacks similar to those 
of the Dakota, though of lesser elevation and more largely composed 
of shaly strata. The sandy layers are in many places of dark color 
and of moderately fine and even grain, and are as a rule flaggy or 
somewhat thinly bedded. These beds are commonly fossiliferous, and 
the calcareous beds also contain abundant shells. Collections ob- 
tained from many localities assign these rocks definitely to the upper 
part of the Benton shale." The following is a list of identified 
species from the Willow Creek section described above : 

Benton fossils from Willow Creek at the southern foot of Blue Mountain. 

Ostrep lugubris Conrad. 
Inc^ ramus fragilis H. an 1 M. 
IL' . err mus dlmidius White. 
Sea. whites warreni M. and H. 
Prionocyclus sp. 



« Determinations by Dr. T. W. Stanton ; collections now In United States National 
Museum. 
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Above the sandstones the remainder of this great shale formation 
attains a thickness of approximately 5,000 feet, or about 1 mile. It 
is to all appearances of homogeneous composition throughout, but 
the records of oil wells driven through it distinguish layers described 
by some of the drillers as sandy. 

The uppermost part of the Mancos shale is perhaps more commonly 
exhibited at outcrops than any other part of the formation, with 
the exception of the lowest few hundred feet already described. By 
reason of the protection offered by the lowest sandstone layers of the 
next succeeding formation, it occupies in many places nearly the 
whole face of the escarpment up to heights of 600 or 800 feet. Of 
these topmost beds the lower portion is normally buried in the debris 
that slides down from the steep slo^^es above. The shale here 
appears to be lighter in color and more sandy than the basal be<lb 
already described, but it is uncertain whether this is the result of 
long exposure to weather and the consequent drying out of its nat- 
ural moisture, or to variation of constitution in the upper part of the 
formation. 

The soil that forms upon the surface of the Mancos shale is a 
compact clay, very hard when dry but becoming a deep plastic mud 
when thoroughly wet. This soil is usually hard and dry during the 
summer, when its surface becomes deeply cracked and fissured. Rain:^ 
of short duration, such as frequently occur in the summer season, 
scarcely penetrate the soil at all, except as they fill these cracks. Sur- 
face water runs off rapidly, cutting abrupt vertical-sided channels 
or miniature canyons even to a depth of 50 feet or more. These gul- 
lies rapidly extend and deepen with each succeeding flood, and in 
places the dissection becomes so intricate as to produce a typical bad- 
land. Areas of such topography, which characterizes much of Raven 
Park, are accessible only with much difficulty, and then only by 
avoiding the stream courses as far as possible and following the divid- 
ing ridges. 

The soil is in many places filled or covered with scattered fragment*^ 
of selenite, which is gypsum in its clear, crystalline form, and larger 
pieces of this mineral are strewn about upon the surface, as if residual 
in the soil from the disintegration and removal of the original 
shale. 

The fossils that have been found in the Mancos shale were obtained 
mainly near the base (see list of Benton fossils, p. 15) and from tin* 
upper layers near the base of the next succeeding formation. Th« 
fossils from these upi>er la} ers are of marine tyi>es, which were for- 
merly considered as characteristic of a so-called Fox Hills fauna, and 
the beds were included by White in his formation of that name. The 
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following is a list of species obtained during the work of the last sea- 
son from localities in and adjacent to Raven Park : 

Fossils from upper part of Mancos shale in White River valley,^ 



Serpula sp. 

Ostrea sp. 

Syncyclonema rigida H. and M. 

Aviciila nebrascana E. and S. 

Inoceramiis sagensis Owen. 

Inoceramns cripsl var. barablni 

ton. 
Mytilus subarcuatus M. and H. 
Spha?riola? cordata M. and H. 
Cardinm si>eciosum M. and H. 
Lucina sp. 



Mor- 



Legumen sp. 

Leptosolen sp. 

Anatlna sp. 

Gonlomya *aniericana M. and H. 

Liopistlia undata M. .and H. 

Pholadoniya sp. 

Spironema? sp. 

Odontobasis sp. 

Cinulia sp. 

Anisomyon sp. 

Baculites compressus Say. 



The thickness of the Mancos shale is a fundamental consideration 
in determining the depth to which wells must be sunk in the Rangely 
field in order to reach the Dakota sandstone. As a large part of the 
drilling has been carried on with this specific purpose in view the 
question of that thickness has received much attention from the drill- 
ers. When prospecting in the field was first started, White's esti- 
mates, given in the Hayden report, were accepted apparently without 
question. White gave the thickness of the " Colorado " formation 
as 2,000 feet in the upper White River valley, near Agency Park, but 
also stated that it was much thinner toward the west, in the vicinity 
of Raven Park. The first drilling in the Rangely field, however, 
showed that the figures given in that report were too small. Various 
attempts were then made to get more accurate information on this 
subject, but most of them were not very successful. For this reason 
the thickness of the formation is fully discussed here, and the evi- 
dence on which the conclusions are based is given in considerable de- 
tail. 

The thickness of the Mancos shale may be determined from its up- 
turned edge exposed along the southern foot of Blue Mountain, where 
these beds form a long, low valley parallel to and south of the Dakota 
ridge. Several estimates of this thickness have been made in recent 
years by those interested in drilling through the formation in the 
Kangely oil field. Most of such estimates have been made just east 
of the Willow Creek locality at which the detailed section of the 
Dakota formation (p. 13) was obtained. Chain measurements by 
Mr. C. F. Carney and others, of Meeker, are said to have shown the 
breadth of the Mancos Valley at this point to be 4,750 feet. The cen- 
tral portion of the valley is buried in alluvium; consequently the only 



• Determinations by Dr. T. W. Stanton ; coUections now in United States National 
Mu.s<»um. 
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dip measurements available on which to base an estimate of the true 
thickness of the shale are those shown in the rocky ridges along the 
valley margins at the north and south. These dips on the two sides 
of the valley do not accord, ranging from 33** to about 45° on the 
north, along the Dakota ridge, and increasing to angles of 75° and 
near verticality along the southern margin. Considerable uncer- 
tainty remains in the estimates of stratigraphic thicknesses based o« 
the data given above, for if the beds are nearly vertical across the 
major portion of the valley, as they are at its southern margin, their 
thickness would be from 4,500 to 4,700 feet, but if the lighter dips at 
the north continue across the valley the thickness of strata repre- 
sented is only about 3,000 feet. It may be concluded that the true 
thickness is somewhere between these two limits. The writer is in- 
clined to believe, however, that no measurement obtained in this 
locality is reliable, and that the apparent regularity of the structure 
is misleading. As may be seen by reference to the geologic map (PL 
II) accompanying this rei)ort, the Dakota hogback bends rather ab- 
ruptly at the point where Willow Creek emerges from it, about SCO 
feet east of the center of sec. 12, T. 3 N., E. 103 W. A general 
view of the topography in this vicinity clearly reveals also a corre- 
sponding bend in the structure of all the formations exposed. Thus 
the longitudinal valley which is eroded along the outcrop of the Man- 
cos shale immediately south of and parallel to Blue Mountain bends 
abruptly across a zone which extends about due south from the site 
of the Willow Creek section. At the southern margin of the valley 
directly opposite the Willow Creek section (NE. i SE. i sec. 13, T. 
3 N., R. 103 W.) the strata are irregular and apparently broken and 
this disturbance continues to the northeast for at least a quarter of a 
mile, the valley narrowing markedly in that direction. It is in this 
constricted portion of the valley that most of the measurements of 
the thickness of the Mancos shale have been made. The disturbance 
in this area is thought to have been produced by shearing movements 
within the mass of tlie shale, rather than by clearly defined faults. 
The irregular structure is evidently related to the narrowing or par- 
tial discontinuity of the Eed Wash syncline, which extends eastward, 
broadening and deepening from this point, as is explained in the sec- 
tion on structure. 

There are many places in the valley south of Blue Mountain where 
it seems fair to assume a uniform dip clear across the valley, but in 
most of these localities the greater part of each section is concealed be- 
neath the valley wash. Calculations made from measurements at 
several such points indicate a minimum thickness of about 5,000 feet 
for the Mancos shale. 

An estimate of the thickness of the Mancos shale can doubtless 
be obtained from well records, if the wells ever reacMhe Dakota in 
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localities where an estimate of that part of the shale which has been 
eroded from the well site can also be obtained. The Union well in 
Raven Park, described on page 42, has been sunk to a depth of 3,655 
feet in lightly dipping strata, so that this jfigure very closely approxi- 
mates the true thickness of the beds passed through. About 1,200 
feet of strata have been eroded from the site on which the well is lo- 
cated, this estimate being based on the same data which were used in 
constructing the cross section (PL III, section C-D) that passes 
through and includes the Union well. There is some evidence that 
the bottom of this well is about 300 feet above the Dakota sandstone. 
The total thickness thus obtained is slightly greater than 5,000 feet 
when corrected for the light dip of the stj-ata, and this agrees very 
closely with the estimates made at the more favorable localities along 
Blue Mountain. 

MESAVERDE FORMATION. 

The uppermost and youngest strata of the Upper Cretaceous sec- 
tion in the Rangely district, as well as in the whole of the Grand 
Kiver basin, are equivalent in age to the Mesaverde formation as 
mapped in the Yampa coal field.** These beds succeed and overlie the 
Mancos shale, from which they are distinguished chiefly by their gen- 
erally more sandy character and the prominence of the massive sand- 
stone ledges. As a whole this formation is composed of massive 
sandstones, interbedded with sandy shales and many beds of coal and 
carbonaceous shale. Of these rocks the sandstones are most con- 
spicuous by reason of their greater resistance to erosion than that 
offered by the softer beds. The formation is thus typically repre- 
sented by a more or less rugged country, characterized by escarpment 
ledges and cliffs. The massive sandstones are commonly of medium 
or rather coarse grained texture, locally showing some cross-bedding, 
although this is not a distinguishing feature. In many places they 
weather near the surface to a variety of shades, usually of reddish 
or yellowish color, which is probably the result of the oxidation of 
some iron constituents. Where these beds are exposed in mines or in 
freshly cut rock faces, they are commonly of clear white sand, firmly 
cemented when fresh, but they crumble and soften readily with ex- 
posure to the weather. Much of the cementing material in the sand- 
stone is probably of calcareous or alkaline nature, as calcareous, mag- 
nesian, and ferruginous salts are almost invariably found in the 
waters that leach from these beds. Such salts commonly occur as 
efflorescent deposits in natural cavities in the massive sandstone, or 
imder projecting ledges where sheltered from the solvent action of 
rain and snow water. 

• Fexmeman, N. M., and Galo, II. S., The Yampa coal field, Routt County, Colo. : Bull. 

U. S. Geol. Survey No. 297, 1006, pp. 22-28. r^r^r^n]t> 
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Ill general the shales differ from those which constitute the main 
body of the Mancos, being usually of lighter color as well as more 
sandy. They show much variation in constitution, ranging from com- 
pact clay shale somewhat resembling the typical Mancos rock to 
sandy shale and from this to thin-bedded and flaggy sandstone. The 
coal beds constitute one of the most important economic resources of 
the region. The coals are bituminous and of a good grade, being 
similar to those of the Danforth Hills field, such as the coals near 
Meeker. As they are elsewhere" described in considerable detail, 
further discussion of them is omitted here. 

As shown on the geologic map forming PI. II (pocket), the lower 
part of the Mesaverde is»distinguished as a separate member by a 
distinct pattern, the top boundary representing the base of the prin- 
cipal groups of workable coals. Within a small area such as the 
Rangely district certain parts of the Mesaverde formation are suffi- 
ciently continuous and characteristic to be distinguished and traced 
throughout the field, although they vary greatly in actual detail 
within very short distances. Perhaps the most conspicuously con- 
stant member of the whole formation as viewed from Raven Park 
is the irregularly oval escarpment surrounding the valley. This 
escarpment is composed of the lowest sandstone member of the 
formation, and is locally known as the " rim rock/' The view given 
in PL IV, ^1, illustrates a characteristic portion of this member, and 
shows the underlying bluff of Mancos shale, capped and preserved by 
the hard sandstone ledge. The sandstone, or "rim rock" itself, is 
a bed ranging in general from 20 to 50 feet in thickness. Above this 
is a mass of characteristic sandy shale, 500 to 600 feet thick. These 
shales are, in general, easily eroded, leaving the outer edge and in 
many places a considerable portion of the back slope of the "rim 
rock '' bare. Beyond the gentle back slope of the " rim rock " (as 
expressed in the contouring on the topographic map) a second 
characteristic escarpment rises above the first, capped likewise by a 
group of cliff- forming sandstone beds. Of these the lowest is most 
commonly of a rusty-brown color, resembling the weathered ledge 
of the " rim rock '' below, and the third and fourth as commonly 
show a clear white aspect, in marked contrast to the group of darker 
ledges below. At about the horizon of the third sandstone above the 
base a thin bed of coal or dark carbonaceous shale is present at many 
places. This section is significant for purposes of correlation by 
comparison with the strikingly similar section near the base of the 
same part of the formation in Agency Park, north of Meeker, and 
also at many localities along the borders of Axial Basin. Above thbs 

« Progress report on Investigation of coal fields in nortbw^stera Colorado and Dortb- 
eastern Utah: Bull. U, S. Owl. Survey No. 341, 1908, 
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pecond group of sandstones the members become 'less distinct as indi- 
viduals, but merge into a prominent series of cliff- forming sandstones, 
continuing as such up to the horizon of the principal coal group 
already mentioned. Into these massive sandstones the steep rocky 
gorges and canyons of many intersecting streams are cut. This lower 
part of the formation is relatively barren of coal, but is prominent as 
a ridge maker. Its total " thickness ranges from 1,000 to 1,500 feet. 
The measurements from which the larger estimate is obtained were 
made in Chase Gulch, northeast of Eangely. 

The upper part of the Mesaverde formation is also distinguished 
as a separate member on the geologic map, the line which marks the 
lower limit of the principal group of workable coals representing its 
base. These upper strata resemble very closely the underlying beds, 
except that the predominance of the massive and resistant sandstone 
members is not so pronounced and the resulting topography is conse- 
quently not so rugged. One of the most readily distinguished hori- 
zons in the Mesaverde is the bottom of the principal workable coals. 
This general horizon has been traced continuously for al least 200 
miles along the outcrop and, as already mentioned, is shown by a line 
on PI. II. It is marked by a conspicuous white sandstone bed which 
is commonly one of the most massive members of the whole forma- 
tion. In a large part of the Danforth Hills this bed is a very promi- 
nent white ledge. From its characteristic appearance it has come 
to be known in the vicinity of Axial post-office as the " white rock." 
As this member is traced west of that field it disappears and reap- 
pears intermittently, so that its position is locally a matter of some 
conjecture, even in a well-exposed section. Here, as in the Danforth 
Hills, wherever it can be recognized it furnishes a key rock by which 
to identify the more valuable coal beds that lie above it. 

Above the " white rock " the sandstones and shales alternate in a 
variable succession, showing almost everywhere some signs of the coal 
beds that they include. The coals themselves are in many places 
made conspicuous by the burning which has taken place along their 
outcrops, baking the inclosing strata to brilliant shades of red and 
yellow and hardening the clay and shale to a flinty texture. Less 
commonly the coal beds are found in natural outcrop or show as black 
streaks along the hillside. By reason of the weaker character of 
this carbonaceous material it is usually broken down and concealed 
by the debris of the harder adjacent strata. From the " white rock " 
to the top of the formation, coals occur at irregular intervals, the 
principal beds being almost invariably concentrated near the base, 
or not far above the " white rock." 

A number of carefully measured sections of the Mesaverde forma- 
tion, taken along the Grand Hogback east of the Eangely distri(!t, 
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have already been published in a description of the upper White 
Eiver coal fields." In that region the formation attains a thickness 
of somewhat over 5,000 feet, or approximately 1 mile. Opportunities 
for measurement near Raven Park are not so favorable, but the thick- 
ness of the Mesaverde here appears to be not more than half that 
which prevails in the Grand Hogback and Danforth Hills. The 
principal difficulty in obtaining a satisfactory measurement in the 
lower White River territory lies in the uncertainty regarding the 
upp^r limit of the formation. It is possible that during Mesaverde 
time a smaller amount of sediment was deposited in the Raven Park 
region than in the Danforth Hills and farther south. On the other 
hand, the greater thickness of the formation in the eastern part of the 
basin is probably to be explained by the assumption that most of the 
beds originally deposited there still remain, whereas in the western 
part a large amount had probably been eroded from the upper por- 
tion of the formation before the next succeeding strata were laid 
down. This explanation is more probable, because the section of the 
Mesaverde formation near Raven Park corresponds in grouping as 
well as in thicknesses to the lower part of the thicker section farther 
east. It may be noted from a study of the sections of the Mesaverde 
near the Grand Hogback and in the Danforth Hills that the principal 
group of workable coal beds is in the lower part of that formation, 
immediately overlying a relatively barren zone of 1,000 feet or more. 
This coal-bearing group is in turn overlain by a considerable thick- 
ness of strata containing scattered coal beds or carbonaceous streaks, 
some of which are of workable thickness. Additional evidence of 
the removal by erosion of the upper beds in the western part of the 
jfield is found in the fact that as these rocks are traced northwestward 
into Utah they apparently show progressively deeper erosion, with- 
out any notable change in the character or grouping of the basal 
members. The Mesaverde formation may be followed continuously 
to and beyond Green River, where its outcrop crosses that stream just 
below the mouth of Ashley Creek in Utah. At this place all of the 
workable coal group is wanting except one or two coal beds, and 
these occur at the top of the section, which is roughly estimated as 
not more than 1,500 feet in thickness. 

Not only has a great amount of the Mesaverde formation been 
eroded from the western part of the White River region, but other 
and higher Cretaceous formations have probably also been removed 
from that entire basin, as they are present in adjacent fields to the 
north and east. In the Yampa coal field the Lewis shale and the 
Laramie formation overlie the Mesaverde, separating that formation 



•Coal fields of the Danforth Hills and Grand Hogback In northwestern Colorado; 
Bull. V. S. Geol. Survey No. 316, 1907, p. 266. 
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from the succeeding Tertiary sediments, which are similar to those 
that rest directly upon the Mesaverde in the Rangely field. It is 
therefore presumed either that beds corresponding to those now 
found in the Yampa field had been eroded from the Rangely dis- 
trict and vicinity before the deposition of the Tertiary beds began, 
or that the uppermost Cretaceous beds were never deposited in the 
Hangely district. In the latter case, the time during which these 
later beds were being laid down in other regions was marked by dry- 
land conditions in this district. 

The stratigraphic horizon marking the disappearance of beds 
which are thought to have once been deposited and later eroded be- 
fore succeeding deposits were laid down represents an interval in 
the geologic history of the earth probably as important as the time 
represented by many of the formations that still remain and may 
be studied at the present day. The causes that brought about first 
the deposition of certain beds and later the removal of the same ma- 
terial by erosion indicate changes in the earth's crust similar or re- 
lated to the earth movements that produced the mountain ranges. 
Although the record of those events, to be interpreted from a study 
of the strata, may have been wholly or in part obliterated at certain 
localities, many of the missing clues may be obtained from other 
places. The horizon of a former land surface that was uplifted and 
subjected to erosion and subsequently submerged and subjected to 
renewed sedimentation is known as an erosional unconformity. 

The tilted rocks exposed in the ridge north of and approximately 
parallel to White River between the mouths of Wolf and Red Wash 
creeks offer what is perhaps the best opportunity for measurements 
of the Mesaverde formation near the field. An estimate based on a 
measured line just east of Red Wash Creek (between sees. 13 and 18, 
24 and 19, along the township line separating T. 3 N., R. 101 W., 
and T. 3 N., R. 100 W.) gives a total of only 2,500 feet. The upper 
limit of the section is defined by an exposure of the varicolored marl 
characteristic of the overlying Tertiary just east of this line, along 
the axis of the Red Wash syncline. Some fossils found immediately 
along the line of this cross section (100 paces southeast of the north- 
east corner of sec. 3G, T. 3 X., R. 101 W., in a conglomerate ledge) 
also serve to indicate that the top of the formation had been reached 
and that as complete a section of the Mesaverde as now remains in 
this part of the field occurs at this place. These fossils consist of 
internal casts of a species of Unio and some indeterminable frag- 
ments of leaves. Doctor Stanton considers the Unio to be of an age 
later than the Mesaverde, possibly belonging to Fort Union or re- 
lated time. He is also of the opinion that it is older than species 
previously known to have come from the Wasatch formation. No 
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intermediate formation has been recognized in the Rangely field and 
these rocks are therefore included with the Wasatch formation. 

The canyon of White River below Raven Park would seem at first 
sight to present a most excellent opportunity for obtaining a meas- 
urement of the thickness of the Mesaverde formation. Two factors, 
however, interfere with such a measurement at this locality. The 
first, which will be described in a subsequent paragraph, is the prob- 
able existence of a fault near the mouth of the canyon, and the second 
is a sharp divergence of dips and strikes along the river bank^, caused 
by irregularity in geologic structure. 

As has been explained, the precise determination of the upper limit 
of the Mesaverde is an especially perplexing problem in and about 
Raven Park. Near Meeker and along the Grand Hogback between 
AVhite River and Grand River a bed of coarse bowlder and pebble 
conglomerate or " pudding stone " with a coarse white-sand matrix 
marks the boundary between characteristic Mesaverde beds below 
and the variegated marl and sandstone of the overlying Tertiary. 
In the Rangely district, however, no such clearly defined stratum was 
discovered, although some beds of conglomerate not closely resembling 
the Grand Hogback bed were found. These beds appear to be at or 
near the top of the Mesaverde formation, but in many places they 
could not be discovered and the sandstones of the Mesaverde could 
not be distinguished from those of the overlying beds. Consequently 
the exact upper limit of the formation could not in all places be 
determined. In some parts of the Rangely district the variegated 
colors of the overlying Tertiary beds are less conspicuous, although 
they are generally recognizable and serve as almost the only distin- 
guishing mark of the transition to Tertiary strata. The occurrence 
at this horizon of some species of unios and one or more gasteropods, 
including one which is probably a GoniobasiSj,wsLS not considered 
determinative, but is thought to indicate the Tertiary age of the beds 
including them and is considered as a useful clue in the mapping of 
the Cretaceous-Tertiary boundary at the top of the Mesaverde. 

Fossils have been found in all parts of the Mesaverde formation. 
These indicate that the basal beds are mostly of marine origin, up to 
and probably including the " white rock." This basal portion of the 
fbrmation is distinguished as a separate member on the geologic map 
(PI. II). Above the " white rock " fresh- and brackish-water inver- 
tebrates and plants indicate a change in the body of water in which 
these beds were formed. The fresh- or brackish-water conditions were 
not permanent, however, and gave way to true marine conditions 
when the beds near the top of the formation were deposited. Fresh- 
water fossils are also found in the lower predominatingly marine beds. 
The following is a list of the fossils collected from the Mesaverde 
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formation in this field or along the drainage basins of White and 
Yampa rivers : 

Fo88il8 ohtained from Mesaverde formation in White River districts. 

I NVERTEBRATE8.** 



Ostrea subtrigonalls E. and S. 
Ostrea glabra var. arcuatllis Meek. 
Anomla micronema Meek. 
Modlola laticostata (White). 
Inoceramus sagensis Owen. 
Inoceramus crlpsi var. barabini Mor- 
ton. 
Inoceramus erectus Meek. 
IJnio sp. cf. V. brachyopisthua White. 
I'nio cf. clanse M. and H. 
Corbicula cytheriformis M. and H. 



Corbicula occidentalis M. and H. 

Cardium speciosum M. and H. 

Legumen sp. 

Donax? sp. 

Mactra formosa M. and H. 

Corbula undifera Meek. 

Viviparus sp. 

Tulotoma thompsoni White. 

Campeloma? sp. 

Goniobasis? sp. 

Baculites compressus Say. 



PLANTS.^ 



Halymenites. 

Cunninghamiteselegans? (Corda) Endl. 

Ficiis speciossisslma Ward. 

Ficus sqnarrosa? Knowlton. 

Ficus sp.? 

Ficus planicostata Lesq. 

Sapindus sp. 

Sequoia Reichenbachi (Gein.) Ileer. 



Dammara cf. D. acicnlaris Knowlton. 
Oorylus cf. C. Macquarril (Forbes) 

Heer. 
Magnolia tenuinervis Lesq. 
Zlzyphus sp.? 
(^elastrus sp. 
Platanus sp. 
Geinitzia sp. 



TERTIARY FORMATIONS. 

Between the top of the Mesaverde formation and the base of the 
overlying Tertiary strata an unconformity exists in the Rangely dis- 
trict, as has already been stated. Much difficulty has been experienced 
in determining precisely the horizon at which this unconformity 
occurs, as no change in the bedding of the strata has been noted. 
Definition of the top of the Mesaverde as well as the base of the 
Tertiary depends on this feature. Both formations contain alter- 
nating beds of massive sandstone and sandy shale which are so similar 
that in many places they can not be distinguished one from another. 
The chief characteristics of the lower Tertiary beds are the clays or 
marls of brilliant and variegated colors, which constitute in some 
places a mass 2,000 feet to possibly 4,000 feet in thickness. The varie- 
gated strata are supposed to be of Wasatch age and were so mapped in 
the Hayden reports. Fossils obtained from the basal part of this for- 
mation have been identified as characteristic of the Fort Union forma- 
tion. The Wasatch is quite distinct as a lithologic unit along the 
western flank of the Grand Hogback and the Dajiforth Hills, where 



• Determined by T. W. Stantou. *• Determined by F. H. KuowUon. 
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it attains a thickness of at least 4,000 feet. In the vicinity of Raven 
Park, however, these colored clays are much less conspicuous. Below 
the Cathedral Bluffs red patches are exposed only here and there, and 
the massive white sandstones very closely resemble those of the 
Mesaverde formation below. 

Overlying the Wasatch or lowest Tertiary formation is a second 
mass of shale and sandstone without the variegated colors. These 
rocks have been named Green River group in the earlier geologic 
work. They are characteristically exposed in escarpments of consid- 
erable elevation, among the best examples being those of the Book 
Cliffs and Cathedral Bluffs, south of Raven Park. These steep scarps 
stand at elevations of 1,500 to 2,000 feet above the neighboring valleys, 
and are almost everywhere characterized by the chalky-white ap- 
pearance of the weathered cliffs as seen at a distance. The Green 
River formation usually lies nearly horizontal or with a very light 
dip, and in most places it forms a high mesa or plateau surface, 
occupying the undisturbed interiors of the great structural basins. 

In detail the Green River formation is composed of sandstones 
and thin-bedded slaty shales, with layers of limestone and calcareous 
shale. Many beds of oolitic or pisolitic limestone occur, and at 
some localities they form the major part of the harder beds which 
the formation contains. In many places the thin-bedded shale is 
of dark or brownish color when freshly exposed, in marked contrast 
to the almost universal whitish aspect of nearly all these beds on 
their weathered edges. The characteristic occurrence of most of 
these Tertiary beds in areas of slight structural disturbance and 
their consequent horizontal position are discussed in the section on 
structure (p. 34). 

MODIFICATION OF FORMER CRETACEOUS CLASSIFICATIONS IN THE 

PRESENT PAPER. 

All the names of Cretaceous formations used in the reports of the 
Ilayden, King, and Powell surveys, with the single exception 
of Dakota sandstone, have been superseded by other names in the 
foregoing descriptions. The relations of this recently adopted 
nomenclature to the old classifications and also the relations of 
those formations to each other are indicated in the accompanying 
table of correlations. The classification of the Cretaceous strata 
above the Dakota as Laramie, Lewis, Mesaverde, and Mancos here 
replaces altogether the older grouping of Laramie, Fox Hills, and 
Colorado as used by the King and Hayden surveys for this general 
region. Although the term Laramie is retained in the present classi- 
fication as the name of the uppermost of. the formations of Creta- 
ceous age as they are now recognized, this term is no longer accepted 
as it was formerly applied by any of the early investigators in this 
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particular field — a point that is discussed in detail farther on (see 
pp. 27-32), This more recently adopted nomenclature has already 
been introduced into the literature of northwestern Colorado geol- 
ogy.« Still more recent stratigraphic studies have confirmed the 
tentative conclusions of the Yampa coal report, relating to the nec^- 
sity for a revised nomenclature, and also the expediency of the names 
there adopted for the northwestern Colorado region. 

Although the classifications and conclusions of the early geologic 
writers on this field have gained wide recognition and become very 
firmly established in a popular as well as more technical way, there 
is ample justification and indeed urgent necessity for abandoning en- 
tirely this older terminology and revising the basis of its strati- 
graphic grouping. This revision, as adopted here, is intended to ac- 
complish three specific aims. These are, first, to do away with the 
uncertainty that prevails with regard to the precise definitions and 
limits assigned to certain terms by the various authors in the older 
work, the differing significance attached to the geologic term Colo- 
rado being the principal instance ; second, to establish a stratigraphic 
and lithologic basis of separation of the formations instead of the 
previously adopted paleontologic basis, which depended on distinc- 
tions that are always difficult and locally impossible to recognize; 
third, to call attention to and correct an old and now widespread 
misinterpretation of the age of the beds formerly called " Laramie " 
in this field — a group of strata that should never have been included 
in the formations to which that name was applied, even according to 
the original somewhat uncertain definition of the term. These points 
are considered in more detail as follows : 

First. The use of the same geologic formation name with varying 
significance is found in the application made of the term Colorado 
by the King and Hayden surveys. This disagreement is indicated 
in the correlation table (p. 27). In the reports of the Fortieth 
Parallel Survey the term Colorado is defined so as to include a con- 
siderably wider stratigraphic range than as it was later used by 
White in his work with the Hayden Survey. The reasons for this 
confusion are largely paleontologic, as stated by White in his report.* 
He says: 

While adopting the name " Colorado group " of Mr. King, I, for paleontolog- 
Ical reasons chiefly, so restrict its application as to include only what I under- 
stand to be equivalent with Nos, 2 and 3 of Meek and Hayden's original section, 
leaving the equivalent of No. 4 to be included with the strata of the Fox UlUs 
group, instead of with the Colorado group, as Mr. King has done. 

The restriction of the Colorado was not successfully applied in the 
mapping of the Rangely district, where this subdivision could not be 



« The Yampa coal field, Routt County, Colo. : Bull. TT. S. Geol. Survey No. 297, 1907. 
b Tonth Ann. Kept. U. S. Geol. and Geog. Survey Terr., 1878. pp. 20^21, 30. 
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traced on a lithologic basis. White's usage of the term has, however, 
been generally and consistently followed in other fields for thirty 
years and it is still of great value as a correlation terra. As Stanton 
states, the group is a natural division from a lithologic as well as a 
paleontologic standpoint east of the Rocky Mountains, where the 
calcareous Niobrara separates the two dark shales, Benton below and 
Pierre above. 

Second. The necessity for the use of stratigraphic and lithologic 
distinctions as the primary basis in geologic mapping is well brought 
out by the difficulties that have been encountered in Raven Park and 
adjoining districts. White himself admits *» that " all the groups of 
strata that are referred to the Cretaceous period in this report are, 
within this district, not only strictly conformable with each other as 
regards their stratification, but I have never been able to fix upon a 
plane of demarkation between any of them with entire precision." 
White's grouping of the strata was made on a purely paleontologic 
basis, a policy which he considered imperatively necessary ^ for the 
purpose of establishing at once wide-range correlations over extensive 
areas. Thus the division planes which he adopted depended entirely 
on scattering and to a large extent inadequate fossil evidence and not 
on recognizable changes in the rock strata themselves. His planes of 
demarkation were thus impossible of precise definition and could . 
never or very rarely be identified exactly in the field. The geologic 
boundaries he has shown on his maps are therefore scarcely more than 
mere estimates or are purely arbitrary lines which had to be assumed 
in the absence of the criteria necessary to establish any actual subdi- 
vision. Even if sufficient fossil evidence were everywhere at hand to 
make such a division it is extremely doubtful if it would serve the 
most useful purposes, as no one without paleontologic training could 
appreciate its value when drawn. 

Although it now appears to be more practical to map geologic 
formations in any particular field largely on the basis of lithologic 
distinctions — ^that is, changes in the character of the rock strata 
themselves — no one will question the necessity of paleontologic evi- 
dence in determining the position of these rocks in the geologic time 
scale and their correlation across the larger areas or in discontinuous 
fields. The errors introduced by some of the older surveys as a re- 
sult of attempted correlation on the basis of lithologic similarity 
of rock formations occurring in discontinuous areas have been as 
many and as serious as those resulting from the use of paleontologic 
criteria. The argimient of the present work is that the more practi- 
cal method of subdivision should be applied to any specific strati- 
graphic section. For any one field or basin marked changes in the 

« Op, clt„ p. 29, » Op. cit, p. 30, line 30. 
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constitution of the rock strata themselves furnish as important evi- 
dence of changes in geography and in conditions of sedimentation 
during past geologic time as do the fragmentary records of animal 
life that now happen to be preserved. 

A part of the confusion in the early geologic mapping based on 
paleontologic distinctions was probably due to the failure at that 
time to understand the significance of the so-called Fox Hills fauna. 
It is likely that the use of the term Fox Hills to define any particular 
formation representing a specific time interval in the Cretaceous 
history of the Rocky Mountain region will now be abandoned. This 
conclusion has been reached by Stanton and others after an extensive 
study of western Cretaceous stratigraphy, and so far as known to the 
author is not now disputed by anyone familiar with these problems. 
As stated by Stanton,*» " Faunas similar to that of the Fox Hills 
sandstone have a great vertical range and are likely to be found at 
any horizon within the Montana group where a littoral or shallow- 
water facies is developed. The use of the term Fox Hills as a forma- 
tion or horizon name outside of the original area in South Dakota 
is therefore of doubtful propriety, as experience has shown." 

In most of the fields west of the Rocky Mountains or the Great 
Plains the term Pierre has also led to some confusion. Sections in 
central and northern Montana that have been described have defined 
as the Pierre formation (later named Bearpaw, although still as- 
signed to Pierre age) a shale body overlying the Judith River, 
Claggett, and Eagle formations. The latter three formations are 
now considered to be in greater part the equivalents of the Mesaverde 
formation of northwestern Colorado and southern Wyoming sections. 
In the Colorado and Wyoming fields, however, Pierre has been used 
to denote beds which normally underlie the Mesaverde formation. 
The shales above and below the Mesaverde are of similar lithologic 
composition, resembling the Pierre shale of the Great Plains region, 
and also contain fossils that are commonly found in the Pierre of 
the Great Plains. Pierre is certainly a valid and useful term in the 
large area where the Niobrara is typically developed and Mesaverde 
and similar formations do not exist, but probably has no place in a 
section which also includes either the Mesaverde or the Judith River. 

Third : With regard to the previous misinterpretation of the term 
Laramie so far as it relates to the Raven Park district the solution is 
clear. None of the rocks in this field to which the name Laramie has 
hitherto been applied are properly so classed. The Laramie forma- 
tion in the sense in which the name was originally adopted is almost 
certainly not represented at all by any of the strata exposed in the 
immediate vicinity of Raven Park. Either this formation was never 

• Stanton, T. W., and Hatcher. J. B., Geology and paleontology of^the Judith RiTer 

beds : Bull. U. S. Geol. Survey No. 257, 1905, p. 66. r. , , 
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deposited in this field or if it was deposited it was completely eroded 
at a later time, before the overlying Tertiary beds were laid down. 

The name Laramie was adopted by agreement between King and 
Hayden to apply to the Cretaceous strata then thought to lie at the 
top of that system, conformably above the marine deposits. It was 
assumed at that time that marine conditions existed throughout a 
large part of the interior province during most of Cretaceous time, 
and that these conditions terminated with a succession of crustal 
movements that uplifted the Rocky and Uinta mountain ranges. Por- 
tions of this sea were supposed to have been cut off in interior basins 
at the time of that upheaval, so that their waters gradually became 
less and less salty, until the fresh-water conditions which marked 
Tertiary time were fully established. It was clearly the intention 
of the early invCvStigators to denote the beds laid down during this 
transitional stage by a formation name, for which purpose Laramie 
was agreed upon. In terms of later geologic nomenclature, therefore, 
Laramie was probably meant to include all the brackish-water de- 
posits which succeeded the Montana, or latest marine sediments then 
recognized in the Cretaceous system. This formation was less cer- 
tainly defined by an upper limit, but was in all probability intended 
to include all strata up to whatever beds should be considered as 
belonging to the fresh-water or Tertiary basins established after the 
mountain-building movements already mentioned were completed. 

Early investigators did not at first recognize that temporary tran- 
sitions to brackish and fresh water deposition occurred at various 
periods during marine Cretaceous time. Such conditions apparently 
prevailed for a while in certain interior basins at the same time that 
the normal marine deposits were being laid down in adjoining regions. 
These periods which preceded the close of the Cretaceous were, how- 
ever, of short duration and were apparently terminated by incursions 
of the sea and reestablishment of salt-water conditions. The Judith 
River beds of Montana and the Mesaverde formation of Colorado are 
examples of deposits laid down during such periods. Both contain a 
fauna and flora resembling those of the Laramie and were formerly 
supposed to be Laramie. Both are now known, however, to represent 
stages of fresh-water deposition somewhat similar to those Avhich 
prevailed during Laramie time, but occurring long before the close 
of the Cretaceous. It is perfectly clear that such beds can not be 
included under any interpretation which can be reasonably given to 
the original definition and agreement as to the use of the term 
Laramie. 

The fact that Mesaverde time was succeeded by a considerable 
period of true marine deposition was entirely unrecognized at the 
time of the earlier surveys. Evidence of this return of salt-water 
conditions is found in the existence of a normal successioivof marine 
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strata overlying the Mesaverde formation in the Yampa River 
vaUey, north of the fields structurally included with those of the 
White River districts. The Yampa basin contains a great body of 
dark clay shale with lenticular interbedded sandstones and calcareous 
layers, overlain by a second large body of sandstones, sandy shales, 
and coal beds. Of these deposits the lower or shale group (Lewis 
shale) is of marine origin and the overlying beds indicate a second 
transitory stage, reintroducing brackish and fresh-water conditions. 
The later beds are thought to represent, at least in part, the Laramie, 
so far as the best interpretation of that term is at present understood. 

STRUCT CJBE. 

GENERAL FEATURES. 

The geologic structure of the region here discussed can best be 
described by means of graphic sections. Several of these have been 
constructed to represent the features exhibited in the Rangely district 
and are reproduced in PL III. The locations of the lines along 
which these cross sections are drawn are shown on the geologic map 
(PL II, pocket) by letters corresponding with those on the sections. 

The whole field constitutes only a portion of the huge structural 
basin that lies south of the Uinta Mountains. The term basin is 
variously used, but in its structural geologic sense it refers to the 
attitude of the rock strata and is intended to signify a syncline or 
relatively depressed portion of the earth's crust, commonly retaining 
beds of the younger geologic formations, while the corresponding 
beds are very likely to have been worn away over the uplifted por- 
tions that surround and form the rim of the basin. A basin in this 
sense should not be confused with a topographic basin, which is also 
commonly understood as a relative depression, but referring to the 
earth's surface only without any implication as to the attitude of the 
underlying strata — for instance, a valley or drainage basin. Raven 
Park is an excellent example of a topographic basin, but is structur- 
ally quite the reverse of a basin, being formed of strata relatively 
uplifted at the center or axis, and not depressed. 

The Raven Park district lies on the northern margin of the Uinta 
Basin, where the yoxmger beds that occupy the major basin are up- 
turned and eroded along the uplifted axes of the Uinta Mountain 
system. The Uinta Basin as a whole lies south of the Uinta Range 
in Utah and Colorado. It is limited on the east by the various axes 
of uplift which form the western foothills of the Rocky Motmtain 
system. It extends westward to the Wasatch Mountains in Utah and 
southward to the uplifted areas of the Uncompahgre Plateau and 
the San Rafael Swell. In the major structural basin, as well as in 
the subordinate synclines included within it, the pes or, deeped 
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portions of the folds lie in the main parallel to the major axes of the 
uplifts that border them. Thus within the influence of the Rocky 
Mountain system all the folds exhibit marked parallelism in a north- 
west-southeast direction. The axes of the Uinta system trend more 
nearly east and west, and an extension of the Uinta uplift eastward 
as a comparatively simple anticline through Axial Basin bends south- 
eastward and merges into the corresponding uplifts and folds of the 
White River Plateau, which are clearly a part of the Rocky Mountain 
system. This connecting anticline is comparatively inconspicuous as 
regards its magnitude of uplift, but it connects the two great moun- 
tain systems and separates two huge basins of the younger Cretaceous 
and Tertiary rocks which lie north and south of it. The basin to 
the north is described in part as the Washakie Basin in Wyoming, a 
portion of the greater structural feature known as the Green River 
Basin, and terminates southeastward in the valley of upper Yampa 
River in Colorado. 

The Colorado portion of the Uinta Basin has been termed the 
Grand River Basin, and is in a minor way naturally distinct from the 
larger extension of the Uinta Basin into Utah, being separated by a 
series of anticlinal or domal uplifts of which the Raven Park fold is 
one. This series of uplifts has an approximately north-south axis. 
It is, however, composed of three or more distinct structural domes, to 
be presently described in detail, whose axes of greater elongation are 
approximately parallel to each other but oblique to their north-south 
alignment as a group. The longer axis of the Raven Park anticline 
lies apparently in extension of the major axis of the whole Grand 
River Basin. The similar and more pronounced fold of the southern 
Blue Mountain region lies north of the Raven Park anticline. A 
less pronounced fold south of the Raven Park anticline will be de- 
scribed as the Douglas Creek uplift. South of the Douglas Creek 
uplift and beyond the area here considered in detail the Uinta Basin 
as a whole terminates against the flexures bordering the Uncom- 
pahgre Plateau south of (irand River, just as it does against the 
Uinta axes on the north. 

RAVEN PARK ANTICLINE. 

The structure of Raven Park is essentially that of a simple anti- 
cline or dome of the underlying strata, the valley itself having been 
eroded from the crest of the uplifted portion. The strata are in- 
clined outward, dipping in all directions from the center or axis of 
the uplift. The dome is roughly oval in form, the axis or longer 
diameter lying in an almost due northwest-southeast direction. At 
either end of the axis the fold flattens and is lost to view, merging 

45780— Bull. 350— OS 3 
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into the flexures of adjoining areas. Toward the nortliwest the two 
flanks of the flexure unite, the strata becoming approximately hori- 
zontal, with a number of minor irregularities, and the fold disappears 
entirely at a point near the Colorado-Utah State line. Beyond that 
point all trace of subordinate folds is lost, the strata showing a uni- 
form southward dip away from the higher uplifts to the north and ex- 
tending in this way westward to the Green River Valley. Southeast 
of Raven Park the fold apparently terminates in the flat-lying Terti- 
ary beds of the high escarpment known as the Cathedral Bluffs. 
These strata fill most of the interior of the Grand River Basin. The 
portions that now remain are, as a rule, horizontal or only very gently 
flexed or tilted, and constitute most of the high plateau surfaces that 
characterize that general region. 

The Raven Park anticline is not a synunetrical fold. Toward the 
northeast the strata dip away at light angles, averaging from 4° 
to 6^, but the dips to the south and southwest are much steeper — 
from 15® to about 35° — ^the flexure itself being very abrupt, as is 
characteristic of most of the folds in the w^estem Cretaceous foothill 
strata. These steeper dips are foimd along Raven Ridge and the 
south side of White River. 

As stated, the Raven Park anticline lies midway between similar 
flexures on the north and the south. All these folds exhibit striking 
features of similarity and apparent relationship. The most promi- 
nent of these features are the character and position of the flexures 
themselves, and the correspondence in direction of their longer axes. 
It is of interest to note the gradation of the intensity of uplift that 
produced the various folds. In the Midland fold to the north the up- 
heaval was sufficient to bring to surface level rocks as old as Car- 
boniferous, but even this uplift is of much less magnitude than similar 
and greater folds immediately north of it. The Raven Park fold 
exposes the Mancos shale at its center. The Douglas Creek flexure 
is broader and of less intensity than that of Raven Park, so that its 
upper portion is now largely capped by the Mesaverde strata still 
younger than those found in Raven Park. 

MIDLAND UPLIFT. 

The Midland uplift was named and described by AMiite" in a 
report of the Hay den Survey. The name is intended to include the 
anticlinal flexure that forms the southern margin of Blue Mountain 
(Yampa Plateau of the earlier work), a portion of which was then 
designated as the Midland Ridge. The southern part of this region 
of uplift is included in the area of the geologic map and sections that 
accompany this report (Pis. II and III). It is in many respects the 
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most striking feature of the region and is of especial interest in con- 
nection with a study of the Raven Park uplift because of its simi- 
larity in form and parallelism of structure and the greater magnitude 
of the stratigraphic displacement which it represents. By reason of 
the greater intensity of its uplift, and also of later erosion along its 
axis, it brings to view a considerable section of the older strata which 
underlie Raven Park but are not there exposed. 

Like the Raven Park anticline, the Midland uplift exposes at its 
center beds of weaker texture than those which compose the flanking 
ridges, and thus a portion of the axis or crest of the uplift is eroded 
to a valley of comparatively low relief. This valley is in form a great 
amphitheater about 15 miles in length, inclosed by an almost con- 
tinuous wall of brilliantly colored strata. This escarpment is a strik- 
ing feature of the landscape and can be seen from a great expanse of 
territory to the south as far as and beyond White River valley. It 
is in form a precipitous wall 1,000 to 1,500 feet in height, composed 
of brilliantly colored clay or shale capped by ledges of massive white 
sandstone. The underlying shale and sandstone present a banded 
appearance, a feature traceable with remarkable uniformity through 
the entire length of the central or axial basin. The upper beds in the 
escarpment are of vivid red; the lower part is mainly of a dull 
greenish-gray color divided by a narrower band of red similar to the 
brighter-colored strata above. At places the overlying red seems to 
encroach irregularly upon the gray beds below, but on close inspec- 
tion it may be seen that this appearance is due to wash and slide and 
to the stain derived from the overlying material. 

The view given in PL IV, 5, is taken from the summit of the 
cross-bedded white sandstone ridge at the south side of Blue Moun- 
tain, and shows the structure and topography of that part of the 
field. The structure, as explained above, is that of the southern 
margin of the Midland uplift, with southward-dipping strata of the 
Jurassic white sandstone in the foreground and the Dakota and Ben- 
ton ridges to the right and in the distance. The valleys represent the 
weaker beds that have been eroded. The escarpment in the back- 
ground to the left is that of the " red beds " in the Midland Ridge. 

Like the Raven Park uplift this fold is not symmetrical but dips 
more abruptly on the south than it does in other directions. It is 
also limited on the north by a still higher upthrust of similar and 
lelated structure. The Midland fold pitches down and terminates 
abruptly toward the west within a mile or two of the Colorado-Utah 
State line. Throughout the greater part of its extent its principal 
axi^ of flexure lies in an approximately due east- west course, par- 
allel to the larger uplifts of the Uinta system on the north. The 
Midland fold extends toward the east, its axis bending southward in 
the upper valley of Wolf Creek, and crosses White River at the 
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mouth of that creek. In this portion of its course the axis coniorms 
to the trend of the Raven Park anticline, as it does also with the 
prevailing structures of all the flexures southwest of this region. 
Southeast of White River the Midland fold flattens and is lost to 
view in the lightly dipping strata of the high plateaus of Tertiary 
strata composing the interior of the Grand River Basin to the south. 

RED WASH SYNCLINE. 

The Raven Park anticline is separated from the Midland uplift by 
a syncline or depression of the rock strata. This axis of depression 
enters the Raven Park district from the east, passing approximately 
along the channel of T\Tiite River in the vicinity of Angora post- 
office. From this point it follows a course somewhat north of west, 
crossing the valley of Red Wash along the eastern margin of the ter- 
ritory represented on the map. It there produces a broad area of low, 
rolling country, where lightly dipping sandstone ledges of the 
Mesaverde formation form the principal outcrops along ridges and 
gulch sides. The varicolored marls of the overlying Tertiary beds 
remain along this axis in AMiite River valley and extend westyrard 
as far as the twelfth auxiliary guide meridian. The axis of the syn- 
cline rises to the west and this fold consequently narrows in that di- 
rection. This axis may be readily traced westward as far as Willow 
Creek as a clearly defined flexure of the strata. Beyond that place, 
with a slight confusion of dips and strikes, as has been explained (pp. 
33--34), the strata assume a lighter dip and the syncline is much less 
marked. It may be traced, however, as a gentle flexure almost as far 
west as the State line, where it is lost in the same coalescence of sub- 
ordinate structures into which the Raven Park anticline disappears. 

DOUGLAS CREEK UPLIFT. 

The Raven Park anticline is terminated on the south by a narrow 
and rather abrupt syncline separating the uplift from another low 
anticlinal s-tructure in the valley of Douglas Creek, farther south. 
This is a broad, low arch of far greater areal extent than the Raven 
Park fold, but of less intensity of uplift, so that the strata exposed 
at the crest on the eroded surface and in the valley bottoms are mainly 
those of the Mesaverde formation. It occupies chiefly the.draina^^ 
basin of Douglas Creek, a broken, somewhat roughly mountainous 
district surrounded by the higher escarpment ridges and plateaus of 
the Tertiary strata. This broad basin of anticlinal structure extends 
westward approximately to the State line in the vicinity of Dragon, 
Utah, and is terminated on the south by the high summits of the 
divide on the Roan or Book Cliffs Plateau. It is limited on the east 
by the high, precipitous wall of the Cathedral Bluffs. The arecl 
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extent of this fold is estimated as at least 250 square miles. A large 
part of this district is coal bearing, and it may eventually prove to 
be an important coal field. 

This uplift lies intermediate between the Raven Park anticline on 
the north and the uplifted area south of Grand River which forms 
the northern margin of the Uncompahgre Plateau. It thus com- 
pletes a north-south series of dome structures which constitute a 
natural separation of the Grand River Basin of Colorado from the 
Utah portion of the Uinta Basin, a feature that has already been 
referred to. 

The dips on the flanks of this broad, low fold are very gentle, but 
there are many irregularities, and the main fold is not, therefore, so 
well defined nor so readily discerned as the simpler uplifts to the 
north. The prevailing dips over the larger part of the district are 
approximately equivalent to the grades of the streams. The oldest 
strata are exposed on the West Fork of Douglas Creek about 3 miles 
above the X Bar ranch. Here a small topographic basin is eroded in 
a shale that clearly belongs near the base of the Mesaverde, but the 
writer is not certain whether it actually occurs below the lowest sand- 
stone corresponding to the " rim rock " of Raven Park or is just 
above that bed. By analogy with the Rangely field, the anticlinal 
structure of this little basin may be considered indicative of a field 
favorable to prospecting for oil. According to the best information 
obtained by the writer, however, no indications of oil have been found 
at the surface and no drilling has been done to determine its pres- 
ence in strata below the surface. 

It is perhaps important to note that the whole region south of the 
fortieth parallel was erroneously mapped and described in the reports 
of the Hayden Survey as occupied by the Wasatch formation.** For 
this reason the distribution of the rock formations in this region has 
not been correctly represented in other publications, nor has its 
probable economic value as a coal field been appreciated. 

UPLIFTS IN ADJOINING REGIONS. 

Domes or anticlines similar to the Raven Park uplift occur in many 
places in the Cretaceous and Tertiary strata west of the Rocky Moun- 
tains. Agency Park, the valley in which Meeker is situated, is eroded 
on a dome that closely resembles the Raven Park fold and exposes the 
same formation at its crest, although it is of somewhat greater extent. 
A number of similar, though less conspicuous, folds occur in the Dan- 
f orth Hills north of Agency Park. 

• Endlich, S. F., Report on geology of White River district : Tenth Ann. Rept. I'. 8. 
Geol. and Geog. Survey Terr., 1878. pp. 63-131. 
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An anticline similar to the Kaven Park fold, but less pronounced 
in size and intensity of folding, crosses White River between Raven 
and Agency parks, at AVliite River post-office. This fold is of some 
interest as a prospective oil and gas field and is described on page 48. 

The Rock Springs uplift in southern Wyoming is a well-known 
feature, similar in form although of considerably greater extent 
than either the Raven Park or Agency Park uplift. The Mancos 
shale is exposed at the center of the Rock Springs uplift, as in the 
other folds, surrounded by ridges of the coal-bearing Mesaverde 
formation. 

DISTRIBUTION OF STRATA DEPENDENT ON INTENSITY OF 

DEFORMATION. 

The occurrence and distribution of the Tertiary formations in this 
general region is largely dependent on lack of disturbance in the areas 
they occupy. They are found in the interior portions of the major 
structural basins, and in their horizontal or slightly inclined position 
they constitute the high plateaus which characterize those areas. In 
normal or horizontal position these beds are little affected by the dis- 
integrating action of surface waters and the elements, except where 
subjected to the actual corrasion of the streams, and in such places 
they are chiefly cut away by the attrition of the material mechanically 
transported over them. The streams cut vertical or steep-walled 
gashes whose sides retreat but slowly into the neighboring uplands. 
The recent geologic age of these rocks and their consequent position 
near the top of the stratigraphic column usually account for their 
entire disappearance over areas that have been uplifted even to a 
moderate degree. Their softness and lack of coherence has caused 
them to be removed from the more abrupt portions of the folds, and 
their outcrops in folds or tilted positions are usually occupied by low 
valleys. 

Both the Wasatch and Green River formations were involved in 
the folding that produced the uplifts that have been described. This 
is shown in certain favorable localities where beds of the younger 
groups are tilted in the same flexures with the older beds. 

FAULTS. 

So far as has been observed, faults are not of common occurrence 
in the Rangely district. A possible fault is marked by an offset in the 
line of hogbacks developed on the " rim rock '' at the upper end of 
the canyon of AATiite River below Raven Park, near which an oil 
spring was discovered, as described below. ^Vlthough this par- 
ticular locality was not examined with sufficient care to enable the 
writer to reach a satisfactory conclusion, the very evident offset of 
the lower hogback ridges is thought to indicate verv pr^bablv^ minor 
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displacement. Several faults in the Douglas Creek valley showed 
vertical displacements up to 200 feet or more, but these are south of 
the area included in the accompanying map. Extensive faults are 
described along the major axes of uplift in the Uinta Mountains, but 
these are chiefly north of this area and probably have no effect on 
the accumulation of oil in this field. 

BEVEIjOPMENT of the OIIj FIEIiB. 

DISCOVERY OF THE OIL. 

Attention was first directed to Raven Park as an oil field by the 
discovery of an oil seep in a spring at the lower end of the park. 
This spring is said to have been situated on the north bank of the 
river, near the location of the new land-survey corner between sees. 
5, G, 7, and 8, T. 1 N., R. 102 ^Y. At the present time the position of 
this spring seems not very well known, and inquiry as to its location 
was met with the reply that it is probably trampled down by cattle 
and its flow, obscured in the mire. After the report of this discovery 
a number of companies were organized among the local residents of 
Meeker and vicinity to prospect and develop the new field. The 
whole field is now covered by unpatented locations of the so-called 
" oil placer claims,"' the various holdings being still divided under the 
names of the companies by which they were originally taken up. 
The total area thus controlled is approximately 45,000 acres, op about 
70 square miles. 

LOCATION OF CLAIMS. 

The original claims were staked and surveyed from the accepted 
corners of the old land surveys. Since their location, how^ever, a 
resurvey of the whole territory has been authorized by Congress,'' and 
the completed plats are now in the General Land Office in Washing- 
ton and in the surveyor-generaFs office in Denver. It is the general 
understanding that lands filed on previous to the completion of the 
resurvey are subject to patent as filed, even though their outlines do 
not conform to the lines or corners of the new survey, unless it shall 
be mutually agreed by all parties concerned to shift the boundaries 
to correspond to the reestablished survey lines. 

DESCRIPTION OF WELLS. 

The first well drilled in the field was known as the Pool well, and 
was put down in the summers of 1901 ard 1002. This well is situated 
in the' SE. j NW. i sec. 33, T. 2 N., R. 102 W. (new survey). In 
this project three of the Meeker companies combined interests in 
equal shares with the avowed intention, from the beginning of the 
work, of sinking through the shale to reach the Dakota sandstone. 



• Act approved May 28, 1004. 
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All work in the early developments was planned in accordance with 
the erroneous estimates of the thickness of the rocks now called Man- 
cos shale, as given in the Hayden reports. The Pool well was drilled 
to a depth of 2,130 feet, although an oil-bearing sand with a flow 
said to have been a barrel or so a day was struck at a depth of 750 
feet. The hole became crooked, and for this reason it was Anally 
abandoned and lost. 

Three wells were sunk by the Requina Company, of Meeker. The 
first, known as Requina No. 0, was drilled in 1902 in the SE. { SW. 
i sec. 21, T. 2 N., R. 102 W. (new survey). Oil struck at a depth 
of 480 feet is reported to have yielded a flow of several barrels a 
day, as tested by the bailer. The well was continued to a depth of 
600 feet, when it also became crooked and was abandoned. The fol- 
lowing notes were obtained from memoranda kept by Maj. L. W. 
Bout well, who was present at the time the work was done: 

Nov. 13, 1902: Shut down at Heqiiiua No. on nccount of broken injector 
pump. 

Nov. 24, 1902: Pump reimlred and started balling well. 

Nov. 25, 1902: Completed bailing of well. Total result was six water tanks 
filled, holding 5 barrels each, a total of about 30 barrels. This would indicate 
an average of about 3 barrels per dnj% 

The oil obtained was poured out on the ground and buriied. 

The Requina No. 1 was drilled a few feet distant from well No. 0, 
which had just been abandoned, striking the same oil-bearing sand 
at the same depth. This work was done in 1902 and 1003. Drilling 
was continued to a depth of 1,()80 feet, when a bailer and 1,000 feet 
of sand line were lost in the hole, and this well was also abandoned. 
AMien this well was visited on August 19, 1907, a tast of its capacity 
was in progress, a pump, engine, and small derrick having been 
temporarily installed for this purpose. The oil obtained was being 
burned under the steam boiler. A sample of this oil obtained directly 
from the well and representing the fresh product has been analyzed 
by Dr. David T. Day, of the United States Greological Survey, and 
the results are given on page 50. 

The Requina No. 2 was sunk in the valley close to the channel of 
Stinking Creek, about 4 miles north of White River, in the NW. i 
NW. J sec. 20, T. 2 N., R. 102 W. (new survey). Work was done 
on this well at intervals from 1903 to 1906. At the time of visit 
(August, 1907), a derrick and a couple of driller's cabins were still 
^ tanding. Reports state that water was struck at a depth of 80 feet 
in coarse, gravelly material, which is said to have been the base of the 
valley wash, or " adobe '' overlying " bed rock.'' This water is almost 
certainly the underflow of Stinking Creek; no water has ever been 
struck in any of the wells within the Mancos shale. It is reported 
that some gas was found at a depth of about 400 feet, but that no oil 
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was obtained from this well. The ilrilling was continued to a depth 
of 2,560 feet, but was finally abandoned because of the accidental 
parting of the casing and the loss of several hundred feet of it in the 
hole. 

All the Requina wells were drilled w ith the intention of continuing 
through the Mancos shale to the Dakota sandstone. Each hole was 
lost or abandoned through accident. 

Tw^o w^ells were sunk by the Meeker Company, also of Meeker. 
Both of the wells of this company were drilled to the first oil horizon 
and discontinued at or near that depth. The well known as Meeker 
No. 1 is situated in the NW. i NW. J sec. 28, T. 2 X., R. 102 W. 
(new survey), about one-fourth mile southwest of the Requina wells 
Nos. and 1'. This well is said to have struck oil at a depth of 
736 feet, and the hole was drilled to a total depth of 771 feet. At 
present the site is marked by a metal tank partly filled with oil. This 
well is said to have shown a flow similar to or slightly less than that 
of the near-by Requina wells. 

The Meeker No. 2 was sunk in 1903, almost exactly 1 mile due 
east of the Meeker No. 1, in the NW. J NW. J sec. 27, T. 2 N., R. 
102 W. (new survey). The yvell is said to have struck what were 
thought to be the same oil-bearing sands as those found in the wells 
already described at a depth of 1,002 feet, when work was discon- 
tinued. No oil was obtained from this hole. 

The second attempt, by combined interest, to prospect the so-called 
" deep sands" (meaning thereby the supposed oil pool in the Dakota 
sandstone) was made in 1903 by drilling the well known as the 
Union. The site selected was on the northeast side of Raven Park, 
slightly over half a mile from the " rim rock," in the middle of the 
west side of sec. 16, T. 2 N., R. 102 W., near the quarter-section corner 
of the new survey. The adoption of this site was based on an applica- 
tion of the anticlinal theory, as explained on page 34. On the as- 
.sumption that oil would be found on the flanks of the anticline 
and that gas would occupy the summit, the site was selected near the 
margin of the basin, a location giving nearly the maximum thick- 
ness of the shale body available from the valley to be passed through 
before the Dakota sandstone could be reached. This well, known as 
the first Union, was commenced in 1903 and the hole drilled to a 
depth of 1,300 feet. Oil was found at a depth of 584 feet, but was 
cased oflf and the drilling continued. The hole was finally abandoned 
owing to the loss of a string of tools due to collapsing casing. 

The second Union well was put dow n on approximately the same 
site as the first, striking the fii-st oil sand at the same depth as before. 
This well was also commenced in 1903 and continued at intervals 
until April 15, 1907, when the rig took fire while still at work and 
the whole surface equipment was lost. The depth of/ihe hole is 
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Ji,055 feet, and the well is said to be still in good condition. It is 
cased to a depth of 2,974 feet with a string of casing made up of 
1,228 feet 8^-inch, 1,332 feet Gf-inch, and 414 feet 5-inch.« The 
following is a record of the strata passed through; it is said to be 
somewhat incomplete on account of the destruction of a part of the 
data at the time of the burning of the rig: 

Record of nccond Vnion trell, Rarcn Park. 
[Sybert and Joe Trachta, drillers.] 



Shale, dark, at bottom of which small oil-bearing M'as struck. 

Shale, dark _ _ 

Shale, light colored _ 

Shale, dark, much of It of purple color. 

Shale, very light colored, drillings being nearly white 

Sand, shaly 

Shale, dark, with fine lines of white, very rotten 

Sand, flinty, alternating with rotten shale _ 

Shale, dark 

Shale, black, a little sandy 

Shale, hard, black, alternating with light-colored shnlc 



Thick- 



Depth. 



Feet. • Peet. 
684 i 564 



816 
200 



1, 

],eoo 

2.4S» 
2.480 
2,485 
194 , 2.679 
58 I 2.737 
84S I S.680 
170 I 8.2a0 
405 3,656 



From the manner in which the drill was worn it is supposed to 
have penetrated hard sandstone at the bottom of the well. This bed 
is locally supposed to be that of the Benton horizon already described 
(p. 15), and is reported to have contained fossils, none of which, 
how^ever, were saved. 

In the summer and fall of 1907 several new wells were drilled and 
some of the older wells were systematically pumped as a test of capac- 
ity, under the supervision of Mr. J. H. Hunt, of Haywards, Cal. 
Of the older wells the only ones available for the test were the Meeker 
No. 1 and the Requina No. 1. At present writing (December, 1907) 
it is understood that this work is still progressing and that systematic 
prospecting of the field will be pushed. It is also reported that five 
'new wells have been drilled, of which four are claimed to have struck 
oil. Mr. Hunt gives the following statement with regard to his work 
in the field : 

Altogether my experiments and tests show that oil is found in aU the weUs 
except two, at depths from 400 to 700 feet below the surface. The weUs cover 
a distance of about 3 miles from north to south and li miles from east to west. 
The oil is of a uniform character and in all wells rises to the same level, ap- 
proximately 360 feet below the surface. By continued pumping the production 
increases. The formation in which the oil is found is sand and shale mixed, 
varying in thickness from a few feet to 45 feet. By shooting with nitro- 
glycerine the flow is apparently increased, although we haA'e not yet exi»eri- 
mentetl sufficiently to determine the size shot which is most effective. The 
production of both the Avells shot was increased, but the formation is so hard 
that neither well was caved In, indicating that they will stand a still heavier 
shot without damage. 



' Information received from Mr. Henry J. Hay, of Meeker. 
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OCCirRRENCE OF THE OIL- 
ATTEMPTED APPLICATION OF THE ANTICLINAL THEORY IN THE 

RANGELY FIELD. 

The scientific study of an oil or gas field from the standpoint of 
the geologist is the only means worth consideration by which the 
probable presence or absence of these substances in depth may be 
predicted in advance of actual drilling. In such a study lies the 
only hope of eliminating any of the large number of failures and 
the consequent loss of capital so often involved in random drilling 
in the search for productive sites. However, no geologist or mining 
engineer can yet recognize with certainty the essential criteria that 
determine productive pools, nor can he say even in a well-known 
field what new locations will prove productive. At best such state- 
ments can be no more than mere probabilities. In a new field conditions 
are still more uncertain, and specific knowledge of the occurrence of 
oil can be obtained in no other way than by actual drilling. An 
intelligent study of the geologic structure and the formations is the 
only means of arriving at even a partial understanding of the occur- 
rence of the oil pr gas. 

The interests that have controlled the prospecting in the Eangely 
oil field have been for the most part local, distributed among the 
older residents of the country, who were personally acquainted with 
the field and with the work that was being done. All of the pre- 
liminary drilling seems to have been directed by an intelligent effort 
to apply the structural or anticlinal theory of the accumulation of 
oil and gas, which has appeared to explain so successfully some of 
the oil pools found in the fields of West Virginia and adjacent States." 
C. A. White, in the Hayden report, described this valley as eroded 
from the crest of an anticline or dome and suggested it as a field ^ 
favorable to the location of artesian wells, should they ever -be de- 
sired — a prediction which he also stated was based wholly on its 
geologic structure. With the discovery of oil, the prediction of 
artesian conditions suggested flowing oil wells. The anticlinal struc- 
ture of the field suggested, further, the application of the anticlinal 
theory in this region. Several wells have now been drilled to con- 
siderable depth in search of the Dakota " sands." This formation 
has been thought to fulfill the assumed requirements as a principal 
storage reservoir for the oil. The theories on which these assump- 
tions are based are -briefly reviewed in the following paragraph. In 
the application of these theories the estimates of the Hayden report 
for the thickness of the Mancos shale (then termed Colorado and 

• White, I. C, The Manninirton oil field [West Virginia] and the history of Its devel- 
opment : Bull. Geol. Soc. America, vol. 3, 1892, pp. 103-216. The geology of petroleum 
and natural gas : Rept. West Virginia Gepl. Survey, vol. 1, 1899, pp. 155-195. 
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lower ])art of the Fox Hills) were at first accepted. The figures and 
sections of that report indicated that the Dakota would be found at 
no great depth in the valley lands. The wells that have been drilled 
as yet have failed to reach the base of the shale and it is now clear 
that the first estimates of its thickness were far too small. 

It is undoubtedly true that in many or most oil fields some well- 
defined relationship exists between the structure — that is, anticlines 
and synclines in the strata — and the distribution of the oil pools. It 
is probable also that this relationship is not so simple as exponents of 
the anticlinal theoiy from time to time have been led to believe. 

After the discovery of the oil spring, attention was attracted to 
Raven Park as an oil field by the suggestion of its quaquaversal « 
structure, which has been commonly referred to locally as a " perfect 
anticline.'' It was at once inferred that in this area were to be found 
the ideal conditions for the accumulation of a large body of oil, ac- 
cording to the postulates of the anticlinal theory. The conditions 
assumed by the anticlinal theory as controlling the accumulation of 
oil and gas are briefly as follows : 

(a) Porosity of a reservoir rock, which is commonly a stratum of 
sandstone or sandy rock, capable of containing the oil supply in the 
interstices between the sand grains. This is generally known as 
an oil sand and is in many places of sandy composition, although it 
may be a fractured shale, or even limestone, sufficiently porous to 
allow the accumulation of oil. 

(J) An impervious cover or cap rock to serve as a seal and prevent 
the escape of the oil and gas in an upward direction. 

(c) Geologic structure or folds in the rock, favoring the accumula- 
tion of the oil and gas in certain localities by draining these sub- 
stances from more extensive areas of adjoining beds less favorably 

* situated for their retention. 

(d) Saturation of the rocks by ground water, on which the oil will 
move by reason of its lighter specific gravity, and therefore be forced 
into the upper parts of the fold.s — that is, toward the crests of the 
anticlines. 

Oil and gas are commonly found together. According to this 
theory the gas may be expected above the oil. It is most frequently 
found in the crests of the anticlines. Small folds or irregularities in 
the rock structure may hold some of the gas farther down the flanks 
of the anticlines, or even in parts of the synclines; or, as another 
condition, less permeable portions of the reservoir stratum may also 
imprison both the oil and gas below the summit of the fold. 

This theory is based on the assumption of the presence of water in 
the oil sand. Experience has shown, however, that although partial 

• " Dip of strata in all directions away from a center." — White. C. A., Tenth Ann. Bept. 
U. S. Geol. and (ieog. Survey Terr., 1878, footnote, p. 42. Digitized by GoOgle 
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saturation is the condition most generally encountered, yet at a great 
many places, in both the eastern and the western oil fields, no water 
is present. These conditions present many modifications of the 
original theory. Thus the oil may be found almost anywhere with 
reference to the geologic structure, its position in many localities 
apparently depending largely on the presence or absence of ground 
water. The places of accumulation in dry rock are thought to be at 
or near the bottom of the synclines, or the lowest point of the porous 
medium, or at any point where the slope of the rock is not sufficient 
to overcome the friction that retards the movement of the oil. Tn 
porous rocks only partly filled with water the oil probably accumu- 
lates at and just above the ground- water level, or above the level of 
saturation. This level may be fairly constant in one basin or struc- 
tural feature, but probably varies greatly in different basins or in 
different sands in the same basin. As most of these considerations 
depend on the position of the ground water and its relation to the 
oil, they do not seem to apply to a discussion of the oil as it is found 
in £he Rangely field. 

In the first attempted application of the anticlinal theory to the 
Rangely field, it was pointed out that the Mancos shale (then known 
as the Colorado and Fox Hills) would furnish the required imper- 
vious cap rock. The Dakota sandstone, locally referred to as the 
Dakota " sands," was assumed to form the requisite porous stratum 
for the storage of the oil. Attention was called to the fact that 
White had already predicted that the Dakota would be a source of 
artesian water, and this water was therefore expected to provide the 
degree of saturation required to cause the oil to rise into the anticline 
and to afford a hydrostatic pressure which it was supposed would 
also produce flowing wells. The spring containing oil at the lower 
end of the park was thought to be a seepage from this reservoir along 
a somewhat indefinite fault. (See p. 38.) The first wells drilled in 
the field were therefore put down with a view to penetrating the over- 
lying shale as far as the Dakota sandstone. The numerous failures 
from one cause and another to accomplish tliis aim liave been 
described. 

GEOLOGIC RELATIONS IN THE RANGELY FIELD. 

The wells that have been drilled in the Rangely field have discov- 
ered one or more oil-bearing sands in the body of the Mancos shale. 
But one oil sand has been found in any one well, and there seems to be 
a rather indefinite belief or assumption on the part of tlie local 
oi)eratoi-s that this lies eveiywhere at one and the same horizon. If 
the reports of the depths of the oil sand are correct, this assumption 
does not seem to be warrantable. Any single horizon at the depths 
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recorded in the various wells would not accord with the recognized 
general structure of the field. 

Records kept by the drillers and observations at the outcrops of 
the Mancos shale show the existence of beds of more or less sandy 
composition at various horizons within the formation. Tlie well 
records obtainable are incomplete and not very specific in their de- 
scription. There seems to be considerable uncertainty, even among 
those who are most familiar with the work as it was done or who have 
actually done the drilling, as to the precise nature of the beds in 
which the oil was found. In a personal communication Mr. Henry 
J. Hay, of Meeker, states : 

As to the thickness of the oil sand I can not say exactly. Sybert, who drlUed 
the Union to the first sand, thought not over 2 feet, and perhaps less; bnt 
Trachtu thinlcs it is greater. No other sand beds were found except in the 
Union well. 

The following note was received from Mr. Joseph Trachta, who has 
had charge of most of the drilling in the field : 

In regard to the layer where they strike the upper strata of oU I wish to say 
that it is not a sand layer. It is a liard gritty stiale. It is much grittier than 
the other shale. It looks very much the same all the way through, only a little 
darker. The gritty shale 1 speak of is about 100 feet thick and you strike oU 
through that 100 feet somewhere. The same gritty shale will not deeom|K>8e to 
clay as quickly as the other for the reason that it is harder, but is not like 
the sand we struck at the bottom of the Union well, for that was sand. 

The quotations given above are at present the only available de- 
scriptions of the nature of the beds that contain the oil as they have 
been encountered in the wells. 

The oil-bearing sands of the Rangely field are probably more in 
the nature of lenses forming completely inclosed and isolated reser- 
voirs than of " pools " in the sense implied by the anticlinal theory. 
This conclusion is based mainly on a study of the general character- 
istics of the strata observed at their outcrops, for the small amount 
of well drilling that has been done in the field has not supplied suf- 
ficient data from which to determine this feature. The lenticular 
character of almost all the individual beds observed along the out- 
crops of the Mancos and associated formations is strong presumptive 
evidence of their similar discontinuity in depth. Like all the minor 
members of the Cretaceous strata in general, particular beds are 
found to thicken and thin from place to place along their outcrops 
or even to disappear entirely, some of them very abruptly, although 
the features which characterize these particular beds recur at many 
places at what appears to be the same horizon, over widely extended 
areas. This irregularity of bedding is more marked in the smaller 
or thinner strata than in the more prominent members. 
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Sandy beds, or even strata of fairly massive sandstone, are known 
to occur along the outcrop of the Mancos shale at some localities out- 
side of Raven Park. An example may be noted in Agency Park, 
where such sandy beds form a minor hogback in the valley of Mancos 
shale. Similar beds are present in the upper valley of Coal Creek 
east of " The Transfer,'' in eastern Rio Blanco County.** So far as 
known there are no beds in the Raven Park district as prominent as 
these just cited. From the descriptions of the well drillers, how- 
ever, it is assumed that some minor beds of this character do occur. 
In all of this discussion it is recognized that the zones of oil accumu- 
lation commonly referred to as sands may not be true sands, but 
merely porous strata of any constitution in which the oil can gather. 
The variability and discontinuity of the rocks described are not, 
however, confined to any one particular feature, such as their sandy 
composition, as has frequently been observed in the field, but seem to 
be shown no less by all other physical characteristics and therefore 
probably apply with equal certainty to the feature of porosity. 

The oil-bearing sands that have been struck have been entirely 
free from water and apparently from the influence of any hydro- 
static pressure. The body of the shale itself appears to be wholly 
barren of water, to which it seems to offer an impervious barrier. 
If the oil bodies of the Rangely field are in truth contained in isolated 
or completely inclosed reservoirs they can hardly be expected to ex- 
hibit artesian conditions to any marked degree. If, however, a 
tilted reservoir is tapped somewhere below the upper surface of its 
contained oil this fluid would of course seek its level in the opened 
well, or might even be forced higher by a pressure of gas confined 
in the reservoir above the oil. In any case, it seems clear that what- 
ever artesian conditions may exist in the Dakota sandstone or below 
that stratum, they are confined beneath the main body of the imper- 
vious Mancos shale and do not affect the distribution of the upper 
oil bodies. 

The presence of oil in the Dakota sandstone appears to be a 
problem of purely speculative nature which can be proved only by 
the drill. No evidence of oil has ever been found in the outcrop of 
the Dakota beds in the neighborhood of the Rangely field. The 
inference of its presence in those beds is therefore based entirely 
on the supposition that their constitution offers a reservoir par- 
ticularly well adapted to oil accumulation. This is entirely within 
the bounds of possibility, as is also the existence of artesian con- 
ditions in view of the structure and exposure of the Dakota strata 
in the apparently favorable catchment area at the south side of Blue 

« niustrated In the cross section published with the geologic map of that district in 
Bull. U. S. (ieol. Survey No. 315, 1907, IM, III. 
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Mountain. Oil in reported as occurring in the Dakota sandstone at 
Turkey Creek and near Golden City, in the Denver Basin.* 

THE WHITE RIVER FIELD. 

In connection with a discussion of the occurrence of oil in the 
Rangely field, it is interesting to note that some indications of a 
similar field have been noted on Blacks Gulch, 40 miles east of 
llangely in the White River valley. Blacks Gulch opens into White 
River from the north 20 miles below Meeker. It is near the crest of 
a minor anticlinal fold, the longer axis of which crosses White River 
in a north-south direction near the mouth of Piceance Creek at 
White River post-office. This fold is a low dome of the rocks, ex- 
posing the Wasatch strata at the surface, surrounded by escarpments 
of the Green River formation on all sides. The dips are all light, 
being about 3° toward the east, increasing to 10° or so south of the 
river and to about 5° toward the west. Gas is said to have been 
found by Tom Scarritt, a cowboy, by the accidental igniting of a 
small flow from a lighted match. A small derrick was set up and 
a hole drilled to a depth of 400 feet and abandoned. According to 
reports, a second well was sunk about half a mile farther up the 
gulch. Here at a depth of 538 feet gas was struck under such pres- 
sure that the derrick was destroyed and the driller seriously injured. 
The gas burned with a blue flame and under much pressure for six 
months, when it stopped abruptly. The fact that th^ tools have been 
left in the hole leads to the supposition that it became suddenly 
blocked. Gas is also said to be issuing along this same anticline 
south of the river, at the locality known as Alkali Flats. So far as 
known no oil has yet been obtained in this field. It resembles the 
Rangely field only in its geologic structure, the strata being of much 
later age and overlying by many thousands of feet the oil-bearing 
beds of the Rangely district. 

COMPARISON WITH OTHER KNOWN FIELDS. 

Oil has been found at approximately the same geologic horizon as 
in the Rangely district in a number of fields of this same general 
region, notably in other parts of Colorado and in Wyoming. Among 
these may be cited the Florence and Boulder fields,'' and some flows 
or seeps in the eastern part of Routt County, Colo. In Wyoming 
a basin similar to the Raven Park basin in structure and topography 
has been prospected east of Rock Springs, on the Union Pacific Rail- 
road. It is understood that the work at that localitv was undertaken 



- Lakes. Arthur. Oil iu Colorado : Mines and Minerals, vol. 22, 1902, p. 257. 

^B^nneman. N. M.. The Boulder (Colorado) oil field: Bull. V. S. Geol. Survey No. 213, 
1903, pp. 322-332 : Bull. No. 225, 1904, pp. 383-391 ; The Florence (Colorado) oU field : 
Bull. No. am, 1905, pp. 436-440. 
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wholly from the suggestion of the anticlinal structure of the field. 
Although several holes were sunk to a considerable depth in the Man- 
cos shale, it is said that neither oil, gas, nor water was found in that 
fonnation. Occurrences of oil in Uinta County, Wyo., some of 
which are at a horizon analogous to that of the Rangely oil, are de- 
scribed by Veatch and Schultz.<» 

It has been suggested by some of those interested in the Rangely 
field that conditions here may be held to be more comparable with 
those of the California fields than with those of the oil fields of the 
eastern United States. It is believed, however, that this view is not 
well founded. The California fields are of great complexity of 
structure, the oil occurring in almost every conceivable structural 
situation — along faults, in synclines, or in anticlines — and it is 
thought that no clear understanding has yet been reached of the 
conditions controlling the accumulation of oil in certain beds there. 
No direct relationship can be traced to the situation in the Rangelv 

: field. 

It has also been suggested, and probably with more reason, that the 

I Rangely field may be compared to the Kansas-Oklahoma oil and gas 

I fields.^ In those districts the oil, though occurring in a much older 
formation geologically, is said to be found in sandstones interbedded 
with shale, in lenticular bodies or completely inclosed reservoirs. The 
geologic structure of those fields is, however, much more simple than 
that of the Rangely field, being that of a fairly uniform monocline, 

iwith a northwesterly to westerly dip of about 20 to 25 feet per mile. 

1 

I 

! QUAIilTY OF THK OIL.. 

PHYSICAL PROPERTIES. 

The color of the Rangely oil is clear light red, with strong green 
fluorescence, closely resembling that of many of the Pennsylvania oils, 
although perhaps slightly darker than the average. Its odor is like 
that of kerosene, much resembling that of a refined oil. It is ap- 
parently free from sulphur. The specific gravity of the crude oil 
.from Re(iuiiia well No. 1 is 0.8092, or 44° Baume. It would there- 
of ore be described as a very light, thin oil. 

« Veatch, A. ('., Coal and oil In T'lnla Coiraty. Wyo. : Bull. T. S. Gool. Survey Xo. L'8r>, 

|11K)6, pp. 3:U-.'{r>.'{ ; (leography and goolosy of a portion of southwestern Wyoming, with 

ispccial reference to coal and oil: Prof. Taper T'. S. (ieol. Survey Xo. r>0, I'.M)?. Schultz, 

R., The Laharge oil field, central T'Inta County, Wyo. : Bull. V. S. Oeol. Survey No. :i40, 

J)(>8. 

"Adams, (i. I., and others, Kconomio geology uf the Icjla quadrangle. Kansas: Hull. 

. S. (Ieol. Survey Xo. 2*»S, 11)04. Schrader, F. ('., and Haworth, K., Economic geology 

[»f the Independence ({uadrangle, Kansas : Bull. U. S, Geol. Survey No. 296, 1906. 

4.57S()— Bull. :J5(>— OS 4 
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CHEMICAL PROPERTIES. 

An analysis of the Rangely oil, reported as made by the Standard 
Oil Company, and already used in the published notes and descrip- 
tions of the Rangely field, is as follows : 

Analj/ais of Rnngvly oil. 
I Uy Standard Oil Company.] 

Crude oil, gravity, 43.6° HaumO; burns at (K)°. Per wnt. 

Light uaplitlia, gravity, 70.3° Baum^ 7 

Heavy naphtha, gravity, 61.1° Baunie 1*J 

lUuminating oil, gravity, 45.1° Baunio; tlaslies nt JK)° ; bums 

at 116° (M) 

Paraffin, gravity, 32.8° Bauuie 20 

Colie and waste 1 

The oil is frei* from suli)hur compounds. 

A sample of the oil collected fresh from the pump that was run- 
ning at the Requina Xo. 1 well on August 19, 1907, was distilled by 
Dr. David T. Day, of the United States Geological Survey, giving 
the following results: 

AiKilf/fiix i.f Rangciy oil from Itvqulna So. 1 icvlL 

my David T. Day.] 

Initial boiling point, 48° C. Per cent. 

(iasoliue and naphtha (below 150° C), speclflc gravity O.GS 25 

Illuminating oil (150° V. to 300° C). specific gravity 0.751 45 

Kesidue (above 300° C.) 27 

Ia)SS 3 

The oil contains no water. The residue contains much paraffin wjix, and 
there is no asphalt in the sample. 

WATER 8UPPL.Y^ OF THE RAVEN PARK 1>I8TR1CT. 

GENERAL. 

The (|uestion of water supply is important to all inteivsts in Raven 
Park and vicinity, whether engaged in agricidture, stock raising, or 
the development of natural resources. The annual rainfall is 
small, and the climate may be described as semiarid. West of 
the Rocky Mountains the aridity of this plateau province become.^, 
more and more pronounced away from the higher mountain massesj^ 
and Raven Park may be said to lie on the l)order land l)etween the 
badlands, or more typically desert regions farther west, and the proJ 
ductivc basins and valleys of the mountain foothills. A great extent! 
of pasture lands of much value to stockmen is available here only! 
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as a winter range when thie snow lies on the gi'ound, being wholly 
destitute of water during the summer season. This is especially true 
of the territory south of Raven Park and west of Douglas Creek, 
locally known as the " park country " and designated on some of the 
maps Rabbit Hills. 

AVAILABLE SUPPLIES. 

Near the Rangely district only White River and two of its prin- 
cipal tributaries, Douglas Creek and Spring Creek, retain water in 
their channels throughout the year. In drier seasons both these 
creeks are said to dry up in the summer, although they have flowed 
continuously for the last two seasons. The water supply of the 
Raven Park settlement, both for domestic use and for irrigating the 
land, is taken from WTiite River, which flows with a good volume 
and a moderately swift current throughout the year. The stream 
has a normal width through Raven Park of 2 to 4 chains, or an aver- 
age of about 200 feet. It pursues a meandering course through the 
bottom lands, but has a number of slight rapids or riffles over bowlder 
and gravel bottoms. Its average rate of fall across the park is about 
12 feet per mile in a straight course down the valley, and about the 
same in the canyon above the park. Recent gagings of AVhite River 
by the United States Geological Survey are quoted in the following 
tables :« 

Discharge mcasurnnentH of White River. 



At Meeker, Rio Blanco County, Colo. 



Date. 



1906. 



Apr. 23 
May 4 

May 17 
May 22 
May 31 
June 8 
June 28 

July 3 

July 24 
Aug. 10 
Aug. 20 



Width 

of 
river. 



Feet, 



Area 

of 
cross 

sec- 
tion. 



Mean 
veloc- 
ity. 



Sq.ft. 



267 
240 



880 
343 



267 

187 
167 
172 



Ft. per 
sec. 



3.67 
3.11 

6.42 
8.67 
6.&4 
6.69 
6.41 

3.76 

3.48 
2.11 
2.15 



Gage 
height. 



Feet. 



4.60 
4.30 

5.50 
6.15 
5.66 
5.55 
6.47 

4.60 

4.05 
3.85 
3.90 



Dis- 
charge, 



Sec- 
feet. 



980 
747 

2,097 
3.256 
2,383 
2,249 
1,988 

1,014 

651 
3otJ 



At Ignaclo, Uinta county, Utah.* 



Date. 



I 

I 1906. 
Apr. 17 
Apr. 18 



May 13 

June 24 
I July 19 



Width 

of 
river. 



Feet. 
72 
73 



80 



72 



Area 

of 
cross 

sec- 
tion. 



Sq.ft. 
184 
198 



506 



631 



Mean 

veloc^ 

ity. 



Ft. per 
see. 
3.19 
3.48 



4.56 



8.10 
8.27 



Gage 
height. 



Feet. 
8.60 
3.78 



6.60 



0.20 
4.28 



Dis- 
charge. 



Sec- 
feet. 
687 
679 



2.808 



1.965 
931 



• Discharge measurements at regular stations ; estimated monthly run-off based Dtt dally 
readings of gage height for stations named. 
^18 miles northwest of Dragon. Utah. 
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Estimated monthly discharge of ^Vhite River, 



At Meeker. 



Date. 



April 

May 

June. 

July- 

August 

September.. 
October 



1906. 



Total In 
acre-feet. 



87.400 
129,000 
151,000 
51,400 
22,800 
20,500 
18,000 j 



At Tgnaclo. 



Dat<*. 



1906. 

April. 

May 

June 

July 

Aufirusf ___ 

September 

October 



Total In 
acre-feet. 



47,800 
123.000 
138.000 
58.400 
38.000 
42,100 
34.400 



White River has its principal headwaters in the wooded '' Flat- 
tops " of the TMiite River Plateau, 70 or 80 miles east of the Rangely 
field. In its upper course, or above Agency Park, this stream is nor- 
mally a clear, fresh mountain stream. There are some scattering set- 
tlements and irrigation along the narrow bottoms in this upper val- 
ley, but the volume and swift current of the river at that part of its 
course seem ample security against appreciable deterioration in the 
quality of its water. In Agency Eark the stream enters on the areas 
of younger and less consolidated Cretaceous strata, and from this 
point down the water rapidly loses the freshness and clarity of its 
upper course. Many ditches divert water for irrigation and return 
it to the stream more or less charged with alkaline salts from the 
meadow soils and in practically all cases considerably polluted by 
cattle and surface refuse. In Agency Park, as also lower on its 
course duripg wet seasons, the tributaries empty heavily charged 
alkaline waters into the main stream, most of that material being 
leached from the soils of the younger Cretaceous and Tertiary strata. 

Below Powell Park the territory drained by the lateral tributaries 
of the main stream is composed on the noi*th of badland drains of the 
" Crooked Wash," or Coyote Basin, and the valleys of Wolf Creek 
and Red Wash, with numerous other smaller drains. From the south 
side the extensive drainage basins of Piceance and Yellow creeks and 
other smaller streams from the Roan or Book Cliffs Plateau pour 
their alkaline waters into the main stream. In times of flood, as in 
the spring and early summer, and at frequent intervals in the sum- 
mer months during the brief and violent storms which are character- 
istic of the region, all of this lower tributary drainage empties a 
great volume of thick, muddy water into the main channel, making 
the river water much of the time heavy with mud and clay and surface 
refuse. At times of such turbidity the river water has a foul odor, 
suggestive of putrefying flesh, which is, however, thought to come 
from the clay that is susix^nded in the moving water. Along its lower 
course, in the vicinity of Raven Park, AMiite River seldom nms clear 
for long at a time. The constantly recurring storms at one locality 
or another in its upi>er valley keep its water in a condition which is 
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by nature distasteful to man and beast. The question of its effect on 
the animal system is open to much conjecture, and with increasing 
population of the district may become a vital issue. 

OBJECTIONABLE FEATURES OF THE WHITE RIVER WATER. 

The normally distasteful condition of the river water during most 
seasons of the year is evidently a source of growing complaint among 
the settlers. Whether rightfully or not, to its effects have been attrib- 
uted various maladies among those more or less in ill health who are 
compelled to depend on its use. Its most apparent objections are its 
turbidity and to a less extent perhaps the odor which seems to 
accompany this condition when extreme. This turbidity is of course 
due largely to mechanically suspended sediment that settles out 
readily when the water is allowed to stand undisturbed. In view of 
this fact it is a prevalent custom among the residents to dip the water 
first into a settling barrel at the river bank, whence the supply is car- 
ried from time to time to the houses in pails. The suspended matter 
is so fine and sticky that its removal by filtration would be difficult. 

An objection hardly less evident than its muddy condition to those 
who give the subject any consideration is the constant presence of 
dead and putrefying animals in the tributary channels and also along 
the main stream. In a country so largely given to cattle raising it is 
inevitable that many dead animals must constantly lie scattered about 
the country. It is perhaps an unfortunate instinct that leads the 
sick and injured animals to these watering places, where their dead 
bodies very often pollute the supply for all the rest of the herd, if 
not also for human use. Flood seasons or heavy storms sweep the 
refuse from such decay into the main stream. It is said that in 
winter great numbers of cattle break through the ice and are 
drowned. Their bodies then lodge in the stream until the breaking 
up of the ice in spring, when they are passed on down the stream 
■ with the high waters. The effect of such decaying matter on the 
water as a whole, though very unpleasant to consider, is perhaps not 
yet proved to be essentially harmful, in view of the extreme dilution 
of the objectionable matter with the total volume of water. The 
organisms of decay of both organic and vegetable matter, though 
often offensive to the senses, are not necessarily the vitally dangerous 
elements of a polluted drinking water. The most dangerous elements 
to human life are certain specific germs of disease, such as those of 
cholera and typhoid, which propagate and spread only from sources 
that contain those germs in advance. So long as these diseases are 
absent from the drainage basin of White River it seems fair to 
assume that their germs are not contained in the river water. 

A further source of objection may be found in the fact that the 
river water itself may also exert a harmful influence upon the human 
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system by reason of its chemically dissolved constituents. These are 
clearly present to a rather marked degi'ee, so that the water is de- 
scribed as " hard." The hardness of a water is due to the presence of 
alkaline carbonates such as those of calcium, sodium, and magnesium, 
or to the alkaline sulphates, chlorides, and nitrates. The carbonates 
produce what is known as temporary hardness, because it may be 
remedied by boiling. Water containing the constituents of the sec- 
ond group is permanently hard — that is, it remains so even after it 
has been boiled. The hardness of the White River water is of the 
permanent kind. 

None of these dissolved constituents are of the nature of actively 
poisonous substances, but the effect of the water on persons unaccus- 
tomed to it or to other similarly hard waters is pretty clear evidence 
of a certain amount of activity. Chemical analyses of the inorganic 
constituents may be relied on to define very clearly the nature of 
these dissolved mineral substances, and a fair estimate of its prob- 
able effect on the human system from this cause only may be thereby 
obtained. 

With this purpose in view a sample of White River water was 
collected by the writer from the main stream just above the Rangely 
bridge on August 26, 1907. The water at that time was in a some- 
what turbid condition, and though the river was not so low nor the 
water so clear as it had been at times during the month, its condition 
was not at all an extreme of flood or muddiness, and the sample is 
considered to represent a very fair average. This water has been 
analyzed in the laboratory of the United States Greological Survey 
at Washington, with the following results: 

Analysis of White Rivrr water collected at the iron bridge, Rangely^ Colo,, 

August 2(u 1907, 

[By R. B. Dole.] 

Parts 
per million. 

Total suspended solids 5,000 

Total dissolved solids at ISC' C 400 

SUSPENDED MATTER. 

Percent 

Insoluble In HCl (sand, clay, silica, etc.) 71 

Oxides of iron and aluminum (Fe208+Al2O3) 11 

Calcium (Ca) -13 

Magnesium (Mg) ^^ 

Sulphate radicle (SO*) Trace. 

Organic and volatile matter 16 

Undetermined 1-^ 
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DISSOLVKD CONSTITUENTS. 

Parts 
per mlllloD. 

Silica (SiO,) 20 

Iron (Fe) 1.5 

Calcium (Ca) 60 

Majoiesium (Mg) 24 

Sodium and potassium (NaK) 35 

Carbonate radicle (XO3) 5.5 

• Bicarbonate radicle (HCO,) 194 

Sulpiiate radicle (SOO 1 140 

Chlorine (01) . 9. 3 

501. 30 

There is apparently no poisonous mineral matter in the water in sufficient 
quantity to do any harm. The suspended matter is very high and is of such 
fine, dticky, or " gumbo '* character that its removal by filtration without coag- 
ulant would be difficult. The sulpliates are rather high and calcium-sulphate 
scale would doubtless result from the use of the water in boilers. If carefully 
filtered the water would be sufficiently good for domestic use, but in its raw 
state it is al)solutely unacceptable. 

USE OF ICE. 

It has been an established custom among some of the older residents 
of Raven Park and vicinity to preserve ice from the river in winter 
for their summer supply of drinking water. This custom has several 
important advantages and is to be heartily indorsed. The ice is 
obtained when the surface of the river is covered and for the most 
part securely sealed. Refuse and objectionable matter are in the 
main frozen also, and decay is arrested, so that very little of such mat- 
ter can gain access to the flowing water, or if it doeis it lies essentially 
inert The water at this time is derived largely from melted snow 
and ice collected from a frozen ground surface and so is unusually 
free from the alkaline salts which enter so largely into its composition 
in the summer. The process of freezing itself excludes a large pro- 
portion of the chemically dissolved constituents. It is well know^n 
that the ice formed on the salt water of the ocean includes but a small 
percentage of the normally contained salt. 

SPRINGS. 

Aside from White River itself there is but little water to be had 
over a rather extensive area, especially in the lower valley lands 
bordering the river basin. A few springs are known among the 
sandstone ridges bordering Raven Park, and a number of them are 
indicated on the topographic map (PI. I). Some of these are of 
good though usually hard water. The following list gives the loca- 
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tion of those that are be^ known or that were found in the present 
survey : 

f>f>ritiffM and tralrr hoJes* in llai*vn Park iliHtrici airay from }\'hitr River. 



Name. 



Nate Spring 

Iron Spring 

Plat Bock Spring. 

Iron Spring 

Three Springs 

Box Elder Spring. 

SkuU Creek 

Red Wash Creek. . 
Willow Creek .. 

Snoall stream 

Cliff Creek— 



Location. 



In Nate Spring Gulch. 9ec. 34. T. 3 N.. R. 102 W 

8E. } sec. 33. T. 3 N., R. 108 W_ 

SW. 4 sec 26, T. 3 N., B. 103 W _ 

In Chase Gulch, NW. J sec. 20, T. 2 N.. R. 101 W 

At old Mobley post-oftice, sec. 84, T. 4 N., R. 100 W 

Sec. 8, T. 3 N.. R. 100 W 

At Jones's ranch, sec. 1, T. 3 N., R. 101 W. 

Sec. 2, T. 3 N., B. 102 W .- 

Sec. 12, T. 3 N., R. 103 W _ 

Sec. 35. T. 4 N., R. 104 W 

K ranch, sec. 23. T. 4 N.. R. 104 W .-. 



Remarks. 



Not very good. 
Gtood water, but small 
flow. 

Good water. 

Do. 

Camping site and 
stream; good 
water. 

Good water. 



Beyond the southern and southeastern margins of the district here 
described, springs and headwaters of streams containing excellent 
water are found in the wooded slopes close up under the Cathedral 
Bluffs. The upper courses of the various forks of Douglas Creek 
are fresh and clear at a distance of 30 miles or more above Raven 
Park. 

To the north, along the southern foot of Blue Mountain, as indi- 
cated on the map (PL I), there are numerous supplies of good fresh 
water, though usually in springs or streams of small volume. These 
have long furnished the excellent camping sites that lie along the old 
Uinta trail, which follows the valley from the Yampa and White 
River territory into Utah, forming a part of the route through this 
country to Salt Lake City. These watei-s are derived from the vari- 
ous sandstone stfata in the older formations that flank the high 
plateau. They can be readily traced to the points where they issue 
from these strata in the form of springs, but in their lower courses 
they dry up soon after reaching the open prairie and valley lands. 

Above Jones's ranch on Skull Creek, in the NE, J sec 1, T. 3 N., 
R. 101 W., a good flow of water issues from the upper beds of the 
Carboniferous sandstone, which underlies the brilliantly banded 
strata of the Midland Ridge escarpment. These waters are rather 
strongly charged with iron and sulphur, but were found very agree- 
able to the taste by comparison with the muddy water of the river 
below. 

Box Elder is a camping site situated on the main wagon trail in 
the middle of the north side of sec. 8, T. 3 N., R. 100 TV., about 2 
miles southeast of Jones's ranch. A spring of good water is said to 
issue from the hogback ledges about half a mile above this place. 

At Three Springs, which is east of the area shown on the map, on 
a minor fork of Wolf Creek, in see. 24, T. 4 N., R. 100 W., the water 
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issues from the '• White Cliff '' sandstone (Jurassic) capping the 
brilliantly banded strata of the Midland Ridge escarpment. This 
is a well-known locality to the old settlers and travelers of the region. 
A ranch, formerly the post-office Mobley (now discontinued), is 
situated by one of the springs. The springs lie north of the main 
east-west route of travel, being about 2^ miles from the Yampa 
River-Utah trail. The approach from Wolf Creek valley is over a 
somewhat rough and rocky wagon trail, which also continues north- 
ward and is one of the routes of access to the summit of Blue Moun- 
tain. The water is clear and cool and flows with very good volume 
from several of the seeps that issue along the hillside within a dis- 
tance of perhaps half a mile, 

A group of springs is also found in the NE. ^ sec. 2, T. 3 N., 
R. 102 W., in the west or main fork of Red Wash, at the point where 
that stream crosses the same Jurassic sandstone (" WTiite Cliff '") 
from which the water is derived at Three Springs. The lowest spring 
of this group is one of considerable size and flow and is strongly 
charged with iron. From these springs water flows down the channel 
of Red Wash for only a short distance, soon sinking and drying up, 
except in wet weather. 

The springs next west of Red Wash are those that form the head- 
waters of Willow Creek, in the SE. i sec. 12, T. 3 N., R. 103 W. 
Here also the water issues from the " White Cliff " (Jurassic) sand- 
stone, as at Three Springs and on Red Wash. It gathers in two 
small branches in the valley north of the Dakota hogback, imiting 
into a single stream of some little volume as it crosses the wagon 
road, but sinking soon after it passes out into the valley below. 

West of Willow Creek the next spring water found along the Uinta 
:rail is a small stream issuing from behind the Dakota hogback 2 
iiiles south of the K ranch and near the Colorado-Utah State line, 
n the SE. i sec. 35, T. 4 N., R. 104 W. Here also the water is 
lerived from the Jurassic sandstone already referred to. This 
itream is very feeble in dry weather, often becoming of very small 
low during the day and regaining a somewhat stronger volume at 
light. It runs but a short distance out into the valley, however, 
)efore it sinks and its channel is normally dry. 

At the K ranch one of the main branches of Cliff Creek contains 
mfficient water- to irrigate a small field. The water is ponded in a 
small reservoir near the house and probably would flow for a con- 
dderable distance down the main creek channel were it not diverted. 
!^ more northerly fork of Cliff Creek lying near the escarpment 
lamed on the older maps as Section Ridge is said also to contain 
jv-ater. 



Digitized by 



Google 



58 GEOLOGY OF RANGELY OIL DISTRICT, COLORADO. 

RAIN WATER. 

So far as is known to the writer no attempt has ever been made 
to save the rain water or snow water for domestic use. This is, how- 
ever, accomplished in a natural way and is occasionally found to 
serve a very useful purpose. The back slopes of the cuesta or dip- 
slope ridges surrounding Raven Park are in many places capped by 
bare ledges of heavy -bedded massive white sandstone. Irregularities 
in these nearly horizontal beds retain the rain water of the summer 
showers, which frequently form innumerable pools, some very large 
and deep, in firmly inclosed rock basins. One of these pools situated 
in the ledges near the road from Rangely to the K ranch is used as 
a camp or watering stop by travelers if they are so fortunate as to 
be acquainted with its location. 

ARTESIAN WELLS. 

Of the wells that have been driven in the Rangely field none have 
encountered water in the Mancos shale, and as yet none have pene- 
trated far enough to reach the Dakota sandstone, which is so com- 
monly known to be a water-bearing formation under favorable con- 
ditions in other localities. It is reported that water was struck at a 
depth of 80 feet in the Requina oil well No. 2, which is situated close 
to the channel of Stinking Creek, and probably encountered an under- 
flow of that stream. The drillers' reports state that this water was 
found " at the base of the adobe, in a bed of gravel overlying the 
shale bed rock." It is therefore assumed that the body of the Mancos 
shale is without water. 

The possibility of obtaining artesian flow in Raven Park was sug- 
gested by White in the Hayden reports, but it now seems clear thai 
he far underestimated the depth of the Dakota sandstone in that 
field. The structural conditions on which he based his estimate art> 
apparently favorable, and such artesian flow might be available if 
the depth of the water-bearing stratum were not so great. Further- 
more, the beds which are now seen to be the best water carriers at tht* 
springs along the foot of Blue Mountain and which occupy the most 
favorable positions as catchment areas on the flanks of that mountain 
are stratigraphically much lower than the Dakota sandstone and it 
would probably be impracticable to reach them by drilling from any 
point within the park. Although the chances that these sandstones 
below the Dakota may contain an artesian water supply are considered 
excellent, it is not at all certain that a similar flow would be fountl 
also in the Dakota beds. On the other hand, in spite of the meager 
catchment exposure of that formation and its apparent barrenness 
of springs along its outcrop it may possibly accumulate a sufficient 
volume of underground water to establish an artesian flow if reached 
by boring in the lower park lands. Digitized by GoOglc 
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